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DEDICATION AT THE FEET OF LORD 
VENKATESVARA 


समर्पणम्‌ 


एहो, 1. त्वत्पादाव्जदिइक्षया हिभगिरिप्रस्यन्दिगज्ञाझरी 
सङ्काशप्रवदज्ञनावळिरहोरात्रं च जोघुष्यते | 
गोविन्देति विमुक्तकण्ठमसकृत्‌ श्री वेङ्कटेशप्रमो | 
त्वत्पादाब्जसमर्पिता कृतिरियं मक्त्या प्रसूतायताम्‌ ॥ 


इहो, 2. यः सिद्धान्तशिरोमणि विजयते श्रीभास्करायेस्य सः 
व्यास्यातो बहुभिस्तथाऽपि मयका व्याख्यायतेऽसौ पुनः | 
व्याख्येयं मणिदीधितिरविरचिता याहकभ्रमेण प्रभो | 
जानीषे भगवन्‌ ! त्वमेव तमिमां त्वत्पादयो रपये ॥ 


इलो, 3. gaad: प्रोक्तं यदपि च नवीने vafe 
विचार्यैव व्याख्या व्यरचि भगवन्‌ ! WINE: | 
यदी व्याख्या मे सहदयबुधाहूलादनकरी 
तदाऽहं धन्यः स्यामियमपि mH सफलिति ॥ . 


DEDICATION 


English Translation of the Sanskrit verses 


Oh! Lord Venkatesvara! I offer thee this work 
of mine as a flower at Thy feet, who art being 
approached day and night by throngs of people 
in a flow like that of the Ganga, jumping down 
the heights of the Himalayas, crying out full- 
throated one of Thy names ‘ Govinda’ in shrill 
imploring voices, surging out from the depths 
of agonizing hearts ! 


The great work named Siddhinta Siromani of 
Bhaskaraécarya, was indeed commented upon 
by a host of scholars both ancient and modern. 
Yet, I not a great scholar make bold to com- 
ment once again. Oh! Lord Venkatesvara! 
Thou alone Knowest and no mortal does, what 
stress and strain I underwent while working on 
this commentary. Hence I dedicate this at Thy 
feet alone not to any mortal, however great he 
may be! 


This commentary has been written by me care- 
fully understanding the depths of both the 
ancient and modern systems of astronomy. If 
this could invoke the pleasure of well —meaning 
scholars, then I deem myself fortunate, and that 
my toil will have been well rewarded. 


viii 
उलो, 4 यो ग्रन्थो महता श्रमेण लिखितः प्रक्नेविशेष्युत 
यत्सारोऽपि विपश्चितां सुमनसां सूक्ष्मेक्षिकागोचरः | 
यः कश्चिद्यदि पिष्टपेषणमिदं स्थादित्यबुध्द्वा वदेत्‌ 
यद्वा किञ्चिदवेक्ष्य सोऽत्र निहितान्‌ भावान्‌ कथे शास्यति : 


इलो, 5. यः सिद्धान्तशिरोमणिं न पठितः श्रीभास्करायेस्य य 
श्वऽऽत्मानं लघुपुस्तकेक्षणपरः चेत्पण्डितमन्यते | 
रङ्गततङ्गतरन्गितं हिमगिरिप्रस्यन्दि गङ्गाजरम्‌ 
हिता तेन सुपङ्किळं किल जलं स्नातुं समाश्रीयते ॥ 


व्याख्याता 
डा, धूळिपाळोह्वा अर्कसोमयाजी 


4. 


1X 
This work indeed sucked the very blood out of 


me. It contains many a new detail unnoticed 
hitherto. Only unbiased scholars could under- 


Stand the essence of this work. If somebody 


pronounces unknowingly that this is all a 
repetition of what has been already written, 
simply having turned out a few pages, how could 
he know where [ showed new aspects of the 
genius of Bhàskara ? 


He, who does not study the Siddhànta Siromani 
of Bhaskaracarya, and feels that he is a scholar 
reading a few other sub-standard books on 
Hindu astronomy, does verily go to bathe in a 
dirty pond, ignoring the holy Ganga, jumping 
down the heights of the Himalayas in surging 
and dancing billows ! 
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2. 


व्याख्यात्रभिजनः 


array प्रथितं बिराजति पुरं गोदावरीतीरगम्‌ 
श्रीमद्राजम्हेन्द्रमित्यमिहिते यस्यान्तिके आजते | 

ग्राम; श्रीबलिचेरु नाम विद्ुघर्देदीप्यमानस्सदा 
देवत्राहणयायजुकविरूसद्ँशे जनिस्तत्र मे ।। 


माता मे मङ्गमाम्बा सततमपि पति सेवमाना च दुर्गाम्‌ 
देवीं नित्य भजन्ती निजतनुमनयत्सेव्यसेवां चरन्ती | 
विद्वान्‌ बापःयेनामा श्रुतिविदितपथे सञ्चरन्‌ मे पिताऽऽसीत्‌ 
मातापितरो स्तयोर्मे पदभजनमहो बाल्य एव व्यरंसीत्‌ ॥ 


singga रामाझ्यमग्रजं SHS स्तुवे | 
प्राविक्ष वेदवेदाज्ञवाड्यय यत्पदान्तिके !! 


द्वितीय ane वन्दे सुन्रह्मण्याह्मय ततः . 
देवबा झमणपूजायां जीवितं यस्य यापितम्‌ ॥ 


; वेद्वेदाङ्गविद्यायां बाल्ये हन्त | प्रवेशितः | 


जीविकाये ततो हूणभाषामध्यापितोऽभवस्‌ ॥ 


BIOGRAPHICAL 


In the state known as the Andhra Pradesh, there 
is a famous city called Rajahmundry on the 
banks of the holy Godavari. Not far away from 
this City, there is a village known Velicheru, 
teeming with Vedic and Sanskrit scholars. There 
I had my birth in a family reputed for a religious 
conduct. 


My mother, by name, Mangamamba led her life 
both in the worship of my father, and her 
favourite Deity Kanaka Durga. My father, a 
Vedic scholar conducted his life on a rigorous 
Vedic path. Alas! It was not given to me to 
serve them for long! 


I bow to my eldest brother Sri Venkata Rama 
who leads a rigorously religious life, and who 
it was, that initiated me into a study of the Vedic 
and Sanskrit lore. 


I bow to my next elder brother by name 
Subrahmanya Somayàji who has passed away 
having spent his life in worshipping God and 
godly Brahmins. 


Alas! Though I was initiated into the Vedic and 
Sanskrit lore in my boyhood, I was later 
distracted into the secular English education 
only to eke out my livelihood, as if this is the 
Summum Bonum of Life. 
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. meat; कति ap विप्रकुलोदभूता: अतिम्मृतीः | 


Rar हन्ताडूग्लविद्यायां प्रविष्टाः कलिकालतः || 


, श्रीनिवासमहं सेवे योऽत्र qua | 


येन स्वपादसेवाया aria: स्वपदान्तिकम्‌ || 


, यत्सेवा च दिवारात्रं धमेपल्यया कृता मम | 


aama निवासार्थमानयत्‌ स्वशृह्दादिव | 


. स्वस्ति तस्मे भवेद्राज्ञे रक्षितुं यो व्यवस्यति | 


पारावारगमीरं तद्वेदवेदाङ्गवाङ्मयम्‌ | 


ग्याख्याता 


धूळिपाळोह्वा अर्कसोमयाजी 
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How many like me, born in Brahmin families, 
are being proselytized into the English system 
of education burying in the Bay of Bengal all 
that 1s grand in the Vedic and Sanskrit lore. 


I raise my hands in supplication to Lord 
Venkate$vara, who took His abode on the Seven 
Hills as though to look down upon this mundane 
and irreligious world. It was He that has 
brought me here, to worship Him residing at His 
very feet. 


I feel it was the deep devotion of my wife to 
Lord Venkate$vara that has brought us here, 
dislodging us from our home and hearth. 


May those administrators flourish, who exert 
and strive to save the ocean—like Vedic lore 
from the yawning mouth of Oblivion ! 


D. ARKASOMAYAJI 


FOREWORD 


Bhaskaracarya, the Second (c. 1100 A.D.) was one 
of the greatest mathematicians and astronomers of the 
World. He anticipated modern theory on the convention 
of signs (minus X minus — plus) and KEPLER'S method 
of determining the surface and the volume of a sphere. 
Six hundred years before the calculus of LEIBNITZ 
and NEWTON, Bhàskara worked at the differential 
coefficient. He raised and solved the problem — 


67 50 -- 1= y 


—a problem which FERMAT resolved after 500 years. 
The credit goes to Bhaskaracarya for having delineated 
the image of Jyotisa in its proper contours and graces. 


The Siddhdntasiromani is often said to be the 
magnum opus of Bhaskaraécarya. This monumental 
treatise consists of four parts: (1) Lzlavati (arithmetic), 
(2) bijaganita- (algebra), (3) Goladhyaya- (Trigonometry 
including spherical trigonometry) and (4) Grahaganita- 
(Planetary motion). 


This work was edited with the Vasanabhasya- of 
the author by Bapu Deva SASTRI. Muralidhar JHA 
brought out two commentaries —the Vasanavarttika- of 
Nrsimha (1621 A.D.) and the Marici of Muni$vara (1635 
A.D.) on the first Chapter of the Ganitadhyaya (1917). 
Girija Prasad DVIVEDI's commentaries in Sanskrit 
and Hindi (volumes I & II) appeared in 1911 and 1926. 
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Bapu Deva SASTRI and WILKINSON published an 
English translation of the text in 1861. Yet the mathe- 
matical aspect of the Siddhantasiromani has remained a 
terra incogniia to students of Hindu Astronomy. While 
Phalita-Jyotisa-continues to be studied in traditional 
Sanskrit institutions, the Ganita-side of Astronomy is 
reduced to a secondary position. 


Realising that specialists in the twin fields of 
Mathematics and Astronomy have been diminishing day 
by day, Kendriya Sanskrit Vidyapeetha at Tirupati has 
started a project entitled, “ Coordination of Sanskrit 
and Ancient Indian Sciences". Under this scheme, 
Dr. Arka Somayaji has now come forward to give an 
exposition and annotation of the Siddhantasiromani in 
simple English based on the language of modern 
Astronomy for the benefit of the students and scholars 
interested in the Khagola-sastram. 


Dr. Arka Somayaji is an eminent scholar in Mathe- 
matics and Dynamic or Spherical Astronomy. He hails 
from a family of “ Siddhàntin-s ". To whet his appetite 
in learning the mnemonical methodology for compiling 
an almanac, he studied Mathematics and Jyotisa (includ- 
ing Spherical Astronomy). He learnt the Taittiriya- 
samhité under his brother, Dhulipala Venkatarama 
Avadhani of Rajahmundry. He wrote a thesis on “4A 
Critical Study of the Ancient Hindu Astronomy ", which 
was published in 1972. He has to his credit eight works 
including the Jyotirvij&anam (1964) and two Sanskrit 
poetical compositions (Brahmafijali and the Hanumat- 
vijaya-). He won the President's award in 1974. | 


XVII 
In order that critical editions of rare and valuable 
texts on Jyotisa be brought out, the Tirupati Vidyapeetha 
appointed Dr. Arka Somayaji as Reader in Hindu 
Astronomy. Accordingly the Vidyapeetha has undertaken 
the publication of his English annotation of the 
Siddhantasiromani. Į trust this treatise will go a long 
way not only to project India's image in the World of 
Mathematics and Astronomy, but also inspire scholars 
from the transoceanic distance to listen to the jungle roar 

of the ancient Indian Wisdom. 


TIRUPATI 


KENDRIYA SANSKRIT VIDYAPEETHA | M. D. BALASUBRAHMANYAM 
October 21, 1980 


Principal 


PREFACE 


From the Mathematician's point of view, Bhaskara- 
cárya's Siddhànta Siromani contains all that was beautiful 
in the Ancient Hindu Astronomy. I am aware that a 
translation of this work into English was done long ago 
by M. M. Bapudeva Sastry and Wilkinson; but I did 
not have the good fortune of having a copy in my hands 
all these years. ! did go through the translation once 
long ago, but it gave me the impression that all the 
beauties there that appeal to a Mathematician were not 
brought out fully. There are, however, a good number 
of Sanskrit commentaries both ancient and modern but 
even they, in my humble opinion, have not done full 
justice to the elucidation of Bhàskara's mathematical 
genius. Further misinterpretations are not infrequent 
in some of those books, as will be pointed out in the 
course of this book. 


What has sponsored me to undertake to write an 
English commentary, (I may add that a Sanskrit 
commentary also has been written by me on this work 
and has been awaiting printing) is essentially that innumer- 
able modern professors of Mathematics complain many 
a time that there is no such a presentation of Siddhànta 
Siromani in English as will enable them to assess the 
Mathematical content of it in the light and language of 
modern Astronomy. Hence, I have sought to produce 
a fresh commentary, which I hope will meet the desire of 
such professors and students of Mathematics. I may add 
here that this work of mine seeks to present only the 
mathematical side of Siddhanta Siromani. It is no history 
of Hindu Astronomy, where the originality of the 
Ancient Hindu Astronomers is sought to be evaluated. 
I may confess that I am no historian. 


XX 


In the course of this book, I shall have occasion to 
quote from most of the Astronomers of ancient India 
like Aryabhata i, Varünamihira, Lalla, Aryabhata ll, 
Brahmagupta, Bhaskara 1, Munjala, VateSvara and 
Sripati not to speak of some others, whose books are 
available in print or manuscript. 


One thought that lurks in my mind, I make bold to 
present in this preface. i say ‘I make bold’ because, 
there are some historians of Hindu Astronomy, who are 
too ready to attack me if I claim that there must have 
been not a primitive astronomical activity in ancient 
India prior to Aryabhata I. The reason for their attack 
is that prior to Aryabhata’s work, only one crude 
Vedànga Jyotisa has come to light. Also’ some of these 
historians have a strong impression that the galaxy of 
Hindu Astronomers ranging from Aryabhata derived an 
incentive from a foreign source especially the Greek. If 
such historians agree to keep an open mind, 1 make bold 
to present my thought as follows. In my humble opinion 
there must have been considerable astronomical activity 
in ancient India even prior to Aryabhata. This is borne 
out by the following expressions of Aryabhata and others. 
Aryabhata says! that he dived into the then extant astro- 
nomical lore, which got mixed up with mathematical and 
non-mathematical (mythological or otherwise) knowled ge, 
and by his intellect and the grace of his Goddess, brought- 
out the truly mathematical. Varahamihira says that he 
was codifying the then extant five Siddhdntas, out of 

1, सदसत्ज्ञानसमुद्रात्‌ समुद्धते देवताप्रसादेन 

सद्ज्ञानोत्तमरले मया Fae खमतिनावा Verse 49—Golapada 
2. पूर्वाचायेमतेभ्यो gag ag ळघुस्फुटं बीजम्‌ 
तत्तदिहा5विकळमहे एहस्यमभ्युद्यतो वक्तुम्‌ Verse 2—Ch. I. 


पोलिशकृत: स्फुटोऽसौ तस्यासक्षस्तु रोमकप्रोक्तः 
स्पष्टतरः सावित्रः परिशेषो दूरविमरष्टी ` : Verse 4—Ch. I. 


xxl 


which the ‘Savitta’ was more accurate. Brahmagupta? 
says, again, that he was giving a clear presentation of the 
ancient Brahma Siddhanta which got obsolete by a long 
lapse of time. In the wake of these statements anda 
number of others, is it not right to construe that there 
did exist some ancient astronomical texts which are lost 
to us. If, as asserted by a host of modern interpreters, 
we think that there was only the crude Vedàngajyotisa, 
before Aryabhata, does it not tantamount to saying that 
these three great astronomers (leave others) were 
impostors, who, having derived their knowledge from a 
foreign source, simply claimed that there were existent 
before them, Saura, Brahma and some other Siddhantas 
which dealt with Graha-ganita. It is uncharitable to say 
that three rational astronomers were sueh impostors. So, 
we must conclude that there did exist some astronomical 
activity, which we have no right to call primitive like the 
Vedangajyotisa. Some might think that there might be. 
existing some other texts in between the times of 
Vedàngajyotisa and Aryabha but that at the time of the 
Vedangajyotisa* (roughly 1180 B.C.) astronomy in India 
was that crude. Even this conclusion need not be 


“I am going to tell clearly what has been, the best, what 
has been kept secret and briefly - worded in a nut shell 
from out of the works of ancient Acáryas ". 

“The Siddhanta of pauliía is allright, ‘the Romaka is very 
nearly the same, but the Süryasiddhànta is imore accurate, 
whereas the two others Vasigstha and paitamaha are crude". 


38, wale ग्रहगणितं महता कालेन यत्‌ खिठीभूतम्‌ 
अभिधीयते epe तत्‌ जिष्णुसुतब्रह्मगुपेन । Verse 2—Ch. I. 
4. As per statement MANH दक्षिणमुत्तरमयनं रवेधनिष्ठाद्यम्‌ of 
Varahamihira quoting the meaning of the verse. 
प्रपद्चेते श्रविष्ठादो सूर्याचन्द्रमसावुदक्‌ 
सापर्चे दक्षिणा...... Verse 7—Vedangajyotiga, the vernal 


- equinoctial point was at the beginning of Dhanistha, 
which means that the time was 1180 B.C. approximately. 
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correct, for the simple reason that, even today, crude 
works exist side by side with advanced works. The 
simple fact that a Vedàngajyantisa belonging to 1180 
B.C. has been unearthed and nothing else, is not a 
complete proof that there did not exist more advanced 
texts some where else in such a big country like India 
especially when locomotion or transport was difficult. 


Just one more thought, 1 place before the learned 
historians, which is pertinent to this context. According 
to geology, biology and some other similar modern 
sciences, the first man came into the cosmic picture some 
millions of years ago. If that be so, how is it that we say 
that man remained stupid all these years and happened 
suddenly to blossom into a genius one fine morning round 
about Eighteen fifties (1850: A.D.) whereafter came all 
Scientific discoveries in a series, as if by the waving ofa 
magic wand? It could not be so, as if, we are the chosen 
few of God. Civilizations must have been there, which 
got buried in the bosom of the earth, as has been revealed 
by the Mohenzadaro excavations. Hence we are not 
right in saying that the ancient Hindu civilization was so 
primitive at 1150 B.C. as is reflected in the Vedanga 
Jyotisa. “This is another and more important reason that 
this author makes bold to place before the historians as 
to why he (the author) does have faith in the statements 
of Aryabhata, Varáhamihira and Brahmagupta who said 
that they were peacing out the knowledge contained in 
the then extant works signifying at the same time that 
many more books were lost even to them. 


In this commentary of mine, I have chosen to keep 
the commentary away from the Sanskrit text and Bhàs- 
kara's own Vasana Bhasya, for, otherwise the book grows 
bulkily unwieldy. I have chosen to keep silent over 
passages which do not call for a mathematical elucidation. 
Here and there I have chosen to present what modern 
astronomy presents in some particular contexts, so that, 
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mathematics students who do not happen to study 
modern astronomy may have a better perspective of the 
ancient Hindu astronomy, presented in Juxtaposition to 
the corresponding modern treatment. However, I do not 
propose to enter into the intricacies of modern astronomy 
which are not called for to elucidate the text. 


Before concluding, it is my sacred duty to thank the 
Rastriya Sanskrit Samsthan, under the Ministry of 
Education, Social Welfare and Culture, Government of 
India, for having accepted my work under the publication 
series of K. S. Vidyapeetha, Tirupati and the late- 
lamented Dr. M. Ananthasayanam Ayyangar, former 
Chairman of KSV and Ex-Governor of Bihar, who 
encouraged me in my studies on Hindu Astronomy. 
Dr. M. D. Balasubrahmanyam deserves my thanks for 
the encouraging interest he has shown in the publication 
of this annotation, 


D. ARKASOMAYAJI 
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ओं श्रीमहागणपतये नमः, श्रीगुरुभ्यो नमः 


सिद्धान्तशिरोमणो गणिताध्याये मध्याधिकारे कालमानाध्यायः 


Verse 1. May the Sun at once give expression to 
our tongue in meaning ful words-that Sun, who rises 
to protect this world, whose duty it is to expel darkness, 
who is reported to be the Spouse of the lotus-creeper, who 
purges out the sins of all those that supplicate biru, and 
on whose rising take place Vedic sacrifices and thereby 
the gods in heaven headed by Indra get feasted. 


Commentary (Comm.). Needs no Commentary. 


Verse 2. Excels that blessed Brahmagupta, the son 
of Jishnu, who is hailed as the crest-j»wel of Mathea:ati- 
cians; excel also those like Varahamihira who were the 
authors of well known worke, who were adepts in reason- 
ing, and u age of beautiful expression and on a stuly of 
whose works, one like me even of lesser intellect, will be 
able to produce monumental works. | 


Comm. Needless to comment. However, we may 
'8tate one thing. Bhaskara's quoting the name of Brahma- 
gupta at the very outset, and that too with reverence, 
informs us that he is going to accept the Agama of 
Brahmagupta in preference to that of others like Arya- 
bhata. This means that he is going to adopt the number 
of revolutions of planets in a Yuga and such other astro- 
nomical constants as were adopted by Brahmagupta. This 
point will be clarified later. 


Verse 3 This blessed author Bhaskara is now writing 
the work named Siddhànta-Siromani, the crest-jewel of 
all astronomical works, for the pleasure of good minded 
astronomers, after having bowed to the lotus-feet of his 
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father, from whom he has derived his knowledge; this 
work, containing good metres, will be easy to understand, 
besides being flawless and clear, and will enable intelligent 
readers to develop their ability to understand things. 


Comm. Not neeessary. 


Verse 4. Ancient astronomers did write, of course, 
‘works abcunding in intelligent expression; nonethe- 
less, this work is started to give expression to some 
lacunae in their works. Iam going to make amonds for 
the deficiencies of the older works and these improvements 
will. be found here and there in their respective places; So, 
I beseech the good-minded mathematicians to go throush 
this entire work of mine also (for, otherwise, they may 
not locate my own contribution}, 


Comm. Not necessary, 


Verse 5. May the good people be rleased with the 
particulars of my contribution! May the ill-minded people 
also derive pleasure out of ridiculing me with ignorance 
unable to understand my contribution ! 


t 


Comm, Not necessary. 


. Verse 6. A Siddbanta work ie an astronomical trea- 
tise is such a one which deals with the various rueasures of. 
time ranging from a Trti (to be explained shortly) upto 
the duration of a Kalpa which culminates in a deluge; 
planetary theory, arithmatical computations as weil as 
.algebraical processes, Questions with respect to intrioate 
ideas and their answers, location of the earth, the starg 
and the planets, and description and usage of instruments, 


Comm. Not necessary. 


Verse T. Though one knows astrology and that part 
of the science of Jyotisha which is known ag Samhita (and 
which deals with various subjects like Muhurtas Le. auspi- 


8 


cious moments to be prescribed for various functions, 
Derarishtas ic Calamitous occurences to the countries eto.) 
which form a part of the Science, he cannot answer so 
many intricate problems pertaining to Artronomy. Suzh 
& person, who does not know the astronomical part of the 
science, which abounds in innunerable reasonings, is one 
like a king depicted in a drawing, or a lion fast tied to a 
pole. 


Comm. Not necessary. 


Verse 8. The Science of Jyautisha without Astronomy, 
is like a king's army without roaring elephants though ex- 
celling in horses etc ; is like a garden without mango trees, 
or like a lake without water, or again like a lady parted 
with her newly married lover. 


Comm. Not necessary. 


Verse 9. The Vedic lore prescribes Sacrifices to be 
performed; these sacrifices are based upon a knowledge 
of appropriate time to perform them. This science of 
astronomy gives a knowledge of time; hence it has been 
reckoned as one of the six Vedangas or limbs of the Veda, 


Comm. Not necessary. 


Verse 10. (Out of the six Vedangas) The science of 
grammar is like the face of the person of the Veda, thé 
science of Jyautisha takes the place of the eyes, the 
Nirukta that of the ears; the Kalpa that of the hands; the 
Siksha that of the nose and the Chandas the place of the 
feet 5 


Comm. Not necessary. 


^ Verse ll. This science of Jyautisha being depicted 
ag the very eyes of the Person of the Veda, so it has been 
‘acclaimed as the most important of the six Angas or limbs 
of the Veda, in as much as, even if a person be endowed 
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with limbs like the ears, nose eto, if he be devoid of vision, 
he could not do anything. 


Comm. Not necessary. 


Verse 12. (Since this Science of Astronomy has been 
declared a3 the most important of the Vedangas) hence 
this has to be studied by the Dwijas (ie Brahmins Ksbatri- 
yas and the Vaishyas who form the three higher castes), 
also because it is sacred, secret and the best discipline. By 
80 doing they would acquire Dharma, Artha, Kama as well 
as fame (Life is depicted as having a four-fold purpose out 
of which, Dharma, Artha and Kam, form the first trio, 
Moksha being the ultimate goal of life). 


Comm, Not neceasary. 


Verses 18 and 14. The creator having created the 
stellar circle along with the planets, placed the latter at the 
beginning of the circle, put them in cunstant revolution, at 
the same time putting the extreme two stars (on either 
gide) in a fixed position. 


Comm. Bhaskara’s own commentary Vasand Bhasha 
under this verse mentions the following points, which are 
to be noted. The twenty seven stars known a3 Aswini, 
Bharani etc. occupy positions roughly at equal distances 
along the Zodiac, arranged from west to east. The planets 
were all placed in the beginning of the stellar circle in 
such a way that they were in a straight line the moon, 
Mercury, Venus, Sun, Mars, Jupiter and Saturn occupying 
consecutive positions from the earth in inoreasing dist- 
ances, not of uniform measure. The circle of stars known 
as the Zodiac lies far behind all the planets. There is a 
wind known a3 pravaha which keeps the entire Zodiac, as 
well as the planets below going round and round in the 
Westerly direction. At the sams tim», the planets while 
participating in this westerly motion, have themselves 
individual motion towards the east. Two stars, are placed 
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one at the north-pole and the other at the south, and they 
are fixed’, The diurnal motion due to pravaha is far 
greater than the individual motion of the planets among 


the stars in à direction from west to east ie the direction 
opposite to that of diurnal motion. 


In this context, it is worth-noting that Aryabhata I 
mentioned the diurnal rotation of the earth in the verse 

Jewiada:...’’ Bhaskara must have been aware of this; 
yet, in spite of his rational outlook in all matters, mis- 
guided himself in this respect (vide verse 3 Mdhyagati- 
vasana-Goladhyaya), apparently for fear of tradition. 


Verse 15. The first Mahayuga, the first year, the first 
day of tbe bright half of the first month named Madhu,? 
all of them began simultaneously at the Sun-rise at Lanka 
on Sun-day, at the beginning of the first Kalpa which 
marked the beginning of creation. 


Comm. Though, in the Commentary before, Bhaskara 
gave expression to the fact that Time is eternal with no 
beginning and no end, herein he mentions the point of 
Time when creation commenced. So, at the back of his 
mind, the concept of Time arose only at the beginning of 
creation, whereas before creation, as well as after deluge 
the आत्यन्तिकप्रलय, there was and would be neither the 
concept of Time nor space, In other words, both space 
and Time are manifest only after creation, and get extin- 
guished after deluge. 


Verses 16, 17 and 18. The unit of Time named Tat- 
para is 1/80th of what is known as Nimesa or the time 
taken during the fall of an eyelid; One-hundredth of a 
Tatars is known as a Trti ie the time taken to pierce 8 
.lotus-leaf with the finest needle. Eighteen Nim:gas are 
equal to a Kastha, Thirty Kasthas are equal to a Kala, 

thirty Kalas are equal to one sidereal ghati, Two 
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ghatis make a Kshana and thirty Kshanas make a sidereal 
day. Thirty siderea! days are equai to a sidereal month 
and twelve sidereal months make a sidereal year (not the 
sidereal solar year). The Zodiac, divided into twelve 18318, 
and 860 degrees, a degree divided into 60 minutes of arc 
and a minute divided into 60 seconds of are all correspond 
to the year and its successive divisions. 


Comm. In the Commentary under these verses, Bhas- 
kara gives further details of division of time as follows. 
The time taken to pronounce a guru, i.e. double the time 
of pronouncing a short vowel, is one-tenth of a Prana, 
which is the time required by a h althy person to inhale 
and exhale once. Six Prānas make one Vighati and sixty 
glatis make one sidereal day. It may be clearly noted 
here ही. this sidereal month consisting of thirty sidereal 
days is not the sidereal month that is the time taken by 
the Moon to go round the Zodiac, nor the sidereal year 
defined above is the time that the Sun takes to go round 
the Zodiac once in his a»parent annual motion. To distin- 
guish these latter divisions of time, we shall use the 
nomenclature sidereal lunar month and sidereal solar year. 
There are further other divisions of time which will be 
later elucidated. 


Verses 19, 20. The time taken by the Sun to com. 
plete one revolution with respect to the stars goes by the 
name ‘ The sidereal solar year’, This will be a day for 
the gods and demons, The time that elapses between two 
consecutive new moons or conjunctions of the Moon with 
the Sun is called a Chandra-masa or a lunar month or 
simply a lunation. This again is the day of the Pitra or 
fhe Manes. | 


The time that elapses between two consecutive Sun 
rises ab & place is termed the Savana day or civil day. 
This is called Saura-Savana day'and it is also the day of 
the earth. — | 
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The sidereal day is the time taken by the stars to go 
round the earth once. It is called Nakshatra-dina, 


Comm. In Hindu mythology gods are supposed to 
reside at the north pole, where one civil day is the same 
as one sidereal solar year for the other places; also the 
demons are supposed to reside at the south pole so that 
their civil day also is equal to a sidereal solar year. But, 
what is day to the gods is night to the demons and vice- 


versa, 


If we call the earth, the moon of the moon so to say, 
which it is s0, when it is the moment of new moon for the 
earth, it is the moment of Full Moon to the Moon. Thus 
what is a Chindra-masa to the earth may very well be 
called with respect to the Moon a Bhauma-misa. In 
Hindu mythology the manes are supposed to take residence 
on the surface of the Moon. We know from modern 
astronomy that the moon revolves about her axis once 
roughly in alunation. Thus for “the man on the moon’, 
a day is roughly equal to our lunation. So if the manes 
were to reside on the moon, their day is equal roughly 
to a lunation of ours. We say ‘roughly’ because as we 
gee under the chapter of the lunar eclipse, the moon 
almost shows the same face to the earth on account of 
what are called ‘librations in longitude’. On this count 
the time of rotation of the moon does not exactly coincide: 
with the time of a lunation. 


A civil day for a place is also the civil day for every 
place of the earth so that it is called the earth’s day. By 
‘day’ here we do not mean the time when the Sun is 
above the horizon, for that time differs from place to place 
on the earth. A civil day is the sum-total of the duration 
of day and the duration of night for any place and it will 
be seen that this is the same for the entire earth except at 
the places having perpetual day. The word Saura Sàavana 
is used to signify that the time that elapses between two 
consecutive rises.of any other planet is termed the Savana 
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day pertaining to that planet. Thus the Chandra Savana 
day is roughly equal to 24 hrs—52* and this is the longest 
of the Savana days pertaining to the planets. The shortest 
Saver» days is that of the Saturn, since Saturn moves a | 
very little along the ecliptic and his Savana day is there- 
fore just a little longer than the sidereal day. This nomen- 
clature brings in the phenomenon tl at the Savana day of a 
retrograde planet happens to be less than a sidereal day. 
But in a given time, which is sufficiently long like a yuga, 
the Savana days of a planet are equal to the number of 
sidercal revolutions in that period minus the number of 
the planetary revolutions in the same period. This will 
be constant for a given planet in such a long period, 
though individual days happen to be some shorter and 
some longer than a sidercal day. 


The modern sidereal day is the time between two 
consecutive rises of the equinoctial points and as the equi- 
noctial points have a slow retrograde motion, the modern 
sidercal day is just a little shorter than the Hindu sidereal 
day, which does not take cognizance of the revolution of 
the equinoctial points round the carth in reckoning diurnal 
motion. The Hindu astronomers spea. of the revolution of 
the stars only around the earth in the context of diurnal 
motion. It will be noted that the Saura-Savana day or the 
civil day will not be of the same duration, since the Sun hag 
unequal motion amongst the stars frem day to day. When 
the Sun is in perigee and has the max. daily velooity, his 
Sà:ana day at that moment is the longest and the Saura, 
Savana day when the Sun is in apogee will ke the shortest, 


Though in Indian Chronology ७ day is divided into 
sixty ghatis for convenience, these ghatis are evidently 
longer than the Nakshatra-ghatis or the sidereal ghatis, 
which are of a fixed du ation, Thus a Savana gbati is a 
little longer than a Nakshatra-ghati aud what is more, 8 
Saura-Savaua gbati is of a variable dwation from day to 
day, the variation being of course very small. 
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The concept ‘of a month originally arose out of the 
phenomenon of new-moons, for, this phenomenon alone 
appeals to every lay man, when he could not sight the 
Moon. The concept of an year arose originally out of 
what is called a tropical year, which is the time between 
two consecutive conjunctions of the Sun with an equi- 
noctial point and which it is thai makes the seasons recur. 
Thus the primitive man must have had the concept of an 
year when he once saw the mango trees blossoming and 
again when he saw them blossom. This is why the Hindus 
celebrate the new year's day with eating the neem flower 
with unripe mangos, which goes by the phrase Nimbs- 
Kusuma bhakshanam or eating the neem flower. In the 
Vedic times, however, the year began with the luni-Solar 
month called Marga-Sirsa, which brings in the new year 
crops. In the Vedic sacrifices, there is thus what is called 
the Agrahayanesti, where the word Agra-hayana means 
the Marga-Sirsa month. The etymology of the word ia 
that अग्रे हायने यस्य aq आग्रहायणम्‌ ie the year is ahead of this 
month, which therefore is the beginning month of the year, 
This is also why the ancient lexicon named Amarakosa 
enumerates the months from Marga-Sirsa. This is the 
month when the full moon occurs when the Moon is in the 
star Mrgasira. We have also an inkling from this that the 
vernal equinoctial point was probably situated in the star 
,Mrgasia. The Veda however enumerates the stars from 
the star Krittica, and we have a statement in the S'ata- 
patha-Brabmana that “एता ह q छृत्तिकाः प्राच्यै दिशो न श्‍च्यवन्ते 
ie Behold! these stars which go by the name the Krit- 
ticas do not deflect from the east-point. As this group 
of Krittikas is situated on the ecliptic, the statement that 
they were rising in the east signifies that the Vernal equi- 
noctial point was situated in the Kritticas’’. Arguing 
about the situation of the vernal equinoctial point in the 
so-called Vedic times, the late Lokamanya Bala Ganga- 
dhara Tilak concluded that Vedio literature must have had 


its. beginning about eight thousand years ago. 
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From the original concepts of the month and the year, 
further concepts of the different kinds of month and the 
year srose with the advance of astronomical knowledge. 
We shall deal with these different kinds of the month and 
the year in their respective contexts. 


In these two verses, we have the definitions of Saura- 
mina, Daiva-maua, chandra-màna, Paitra-mana, Savana- 
mana and Naksatra-mana, six of the nine manas, ie mea- 
sures of time. 


' Verses 21, 22, 23, 24,25. The four yuga-padas named 
Krita, Treta, Dwapara and Kali consist of 4 X 432000, 
3 X 482000, 2 X 432000 and 432000 mean solar years 
respectively, the sum total of which consisting of 
(44+38+2+1) X 48200 = 43,20000 mean solar years, is 
७811९१8 yoga. Hach of the yuga-padas above are inclusive 
of what are called their respective Sandhyas and Sandh- 
yamsas which constitute one-twelfth of their own durations. 


A Manu’s duration consists of 71 yugas and 14 Manug 
duration is reported to be the day-time of Brahma, whose 
night is also of an equal duration. 


The duration of a Manu, known as a Manvantara has 
a Sandbya-Kala on either side, ie before and after, equal 
to one Krita, If these are taken into account, the day- 
time of Brahma amounts to one thousand yugas and iv 
goes by the name a Kalpa so that a complete day of 
Brabma equals two Kalras. The life-duration of Brahma 
consists of one hundred years on this scale (where one 
year = 360 days). This life-duration of Brahma goes by 
the name Maha: Kalpa, as reported by elders. In as much 
as Time was without a beginning and will have no end 
either, I do not know how many Brahmas have gone 
before. 


Comm, In these verses we are given what is known 
as Brahma-mana, the seventh of the nine manas, Inoiden- 
tally we are also given the measures yuga-padas, 
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Manvantaras and a Kalja. Since in many ancient astro- 
nomical works, the revolutions of the planets and the 
planetary points like nodes, apogees or aphelia are given as 
integers during the course of a yuga, the concept of a yuga 
must have arisen as follows. The durations of the sidereal 
revolutions of the planets and the apogee of the Moon and 
its node having been ascertained by observation, a pcriod 
was (0018९0 in which are contained integial multiples of 
those cu'ations. In other words a yuga of 4820000 mean 
solar y«ars is construed as the period in which the planets 
the node and apogee of the Moon make an integral number 
of revolutions with respect to the stars, 


We have excluded here the aphelia and the nodes of 
the planets, as we shall see later that their sidereal revolu- 
tions were not based on obsersation but by an assumption 
that those points also must be having an integral number 
of revolutions curing the course of a Kalra, having started 
at the beginning of the Hindu Zodiac ie the beginning 
point of Aswini at the beginning of the Kalpa. On this 
assumption cited, and using indeterminate analysis the 
number of their sidercal revolutions were got as reported by 
Bhaskarackarya in his Commentary in the chapter Bhaga- 
nadhyaya. Heras given us a clue that the numbers of 
sidereal revolutions of the planets including the node and 

,&pogee of the Moon were originally determined by observa- 
tions though he appeals to Agama that those numbers were 
given by Agama, as accepted and transmitted by Brabma- 
guptacharya. Even in the Upapatthis or proofs that Bhas- 
karacharya gives regarding the numbers of sidereal revolu- 
tions known as Bhaganas, we perceive that he consciously 
commits the logical flaw known as Fatatisagi as we are 
going to show in that context. ‘The proofs he adduces are 
indeed based upon Aryabhatácharya's verse 48, Go]apáda 
namely 


क्षितिरवियोगादिनछत्‌ , रवीन्दुयोगाठासाचितश्वेन्दुः 
शदिताराग्रदयोगात्‌ तथव aang: सर्वे 


r 
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and on Brahmaguptācharya’s verse 19, ch. 20 namely — 
ज्ञात इत्वा मध्यं भूयोऽन्यदिने तदन्तरं भुक्तिः 
चैराशिकेन शुक्त्या कल्पत्रहमण्डडानयनम्‌ 


Aryabhatiacharys and his immediate followers Lalla- 
charya and Vateswaracharya make the yuga-padas of equal 
duration. Brahmaguptdcharya criticises Aryabhata for 
having said so against the Canons of the Smrtis as well as 
Romaka for having ignored the concept of yugas, manvan- 
taras and Kalpa, as this he deems as a heresy (Vide verses 
9 & 18 ch. I). 


Indeed there seem to be two schools among the ancient 
Hindu Astronomers one of Brahmagupta who was followed 
by Sripati, Bhaskara and a number of others and the other 
of Aryabhata who was followed by Lalla, Vateswara, Bhas- 
kara I, and a host of others mostly hailing from Kerala. 


There is an Aryabhata who has been termed Aryabhata 
II and who was the author of a book named Brihad-Arya- 
bhatiyam or Maha-Siddhanta a3 it is also called. M. M. 
Sudhakara Dwivedi mentions in his Ganaka-Tarangagi, 
that this Aryabhata should have existed after the author of 
Modern Surya Siddhanta. Aryabhata I, Aryabhata II, many 
of the Kerala astronomers used a different nomenclature to 
signify numbers, denoting them by letters. Thus one of. 
the distinguishing features of the Kerala school of astrono- 
mers (not all of them) seems to be to use letters for numbers. 


One Kalpa = 14 Manvantaras = 14 X 71 yugas + 15 
Sandhis in between the Manvantaras each equal to a Krita 
ie 4 Kalis = 994 yugas + 60 Kalis = 994 +6 yugas = 
1000 yugas = 4320000000 mean Solar years. 


Bhaskara speaks of Sandhyas and Sandhyamsas each 
of them equal to 4; of the yugapadas. 


Thus one Kali= 482000 years=1200 Divyabdas (gods: 
years each year being equal to 360 Solar years) = 1000 + 
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100 + 100° Divyabdas since fr X 1200 = 100 = measure 
of the Sandhya and Sandhyamsa times. At this rate Dwa- 
para = 2000 + 200 + 200 Divyabdas and so on. However, 
the measure of the Sandhyas with respect to a Manvantara 
does not follow this one-twelfth rule, because a Krita is 
not ysth of the Manvantara. Thus 1000 Divyabdas = one 
Kali excluding Sandhya and Sandhyamsa, whereas 1000 


yugas = one Kalpa including the Sandhyas and Sandh- 
yamsas. 


When a yuga was conceived as a period wherein the 
planets make an integral number of revolutions, it goes 
‘without saying that they make integral numbers of revolu- 
tions in à Manvantara or a Kalpa, When a Kalpa was con- 
ceived as the period in which the slow-moving planetary 
points aphelia and nodes also make an integral number of 
revolutions, one wonders how a manvantara was conceived, 
It is further peculiar why such an odd number 71 was 
chosen, when it was said that 71 yugas make a Maavautara 
One also wonders why the modern Surya3iddhanta says 
that after the Kalpa began, creation started only after 47400 
Divyabdas whereas neither Brahmagupta nor Bhaskara 
speaks of this. As a matter of fact Bhaskara mentions 
later the number of years that had elapsed upto the begin- 
ning of the Saka era, as equal to 1972847179, but does not 
espeak when the creation of planets and stars began actually. 


Verse 26. Half the life-period of the present Brahma 
has elapsed; some said that only eight and half years of 
his life has elapsed — Let the Agama or tradition be 
whatsoever; we don’t have any need of knowing if. be- 
‘cause the planetary positions have to be computed only 
from the beginning of this Kalpa 


Comm. Vateswara it was that mentioned that only 
eight and half years of the present Brahma had elapsed 
: {Vide verse 10. Madhyadhikara.ch. I Vateswara Siddhanta) 
.Vatesw&ra prescribes that Ahargana or the collection ‘of 


days has to be calculated from the birth-time of this 
Brahms, but Bhaskara rightly points out that it is a waste 
of labour, for, all the planets must have returned to the 
Zero-point of the zodiac ie the beginning of the Star Aswini 
at the beginning of this Kalpa and hence it is sufficient to 
calculate only from the beginning of this Kalpa, Further 
Bhaàskara states that when the very planets did not exist 
during the last elapsed night of Brahma, what is the fun 
of calculating their positions. 


There is also a tradition that there are nine Brahmas 
and that the present one is the very first. This tradition 
Bhaskara does noi mention, because he exclaims that he 
does not know how many Brahmas have gone by, Time 
being without a beginning. 


Verse 27. In as much as the creation started only 
from the beginning of this Kalpa whichis the present day- 
time of Brahma, and because deluge takes place at the end 
of the day-time, the question of Computing the planetary 
positions arises only when the planets exist. If some (the 
allusion is to Vateswara) propose to compute the planetary 
positions even when the very planets did not exist, may we 
salute those great people ! 


Comm. Not necessary. 


Verse 28. Six Manus have elapsed in this Kalpa, 
thereafter twentyseven yugas, as well as three yugapadas 
namely Krita, Tretà and Dwapara. Further 5179 years of 
this fourth yugapida namely Kali have elapsed by the end 
of the Saka king (which moment was the beginning of the 
Saka era). Hence in ihe present Kalpa ie the day-time 
of this Brahma, 19729 47179 years had elapsed upto the 
beginning of the Saka era. 


Comm. The computation is as follows: 


6 Manvantaras — 6 X 71 X 10 Kaliyugas since each 
Manvantara Consists of 71 yugas and a yuga Consists of 
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ten Kaliyugas (one yuga = Krita + Treta -+ Dwapara + 
Kali = 4 -+ 3 + 2 + 1 = 10 Kaliyugas), The Sandhis 
that were there in between the Manus and in the beginning 
of the first Manu are seven and each Sandhi being equal to 
one Krita or four Kalis, the seven Sandhis = 7 x 4 = 93 
Kaliyugas. 

Further it is stated that 27 yugas had elapsed in the 
present seventh Manvantara known as Vaivasvata which 
are equal to 27 X 10 = 270 Kaliyugas, Further in the 
present yuga, Krita, Treta and Dwapara bad elapsed equal 
to 4 +3 +2 = 9 Kaliyugas. 

Thereafter in the present Kaliyuga 3179 years elapsed 
upto the beginning of the Saka era, Thus fotalling we 
have 4260 + 28 + 270 + 9 kalis + 3179 years. 


4561 kalis + 3179 years. 
4567 X 432000 + 3179 years. 
= 179 294 7179 year as mentioned. 


Verse 99. The six Manus that went before the present 
Vaivasvata were Swayambhuva, Swarocisa, Auttama 
Tamasa, Raivata and Cakshusha. 


ll 


| 


Comm, Clear—Upto this point we have seen the 
Brahmamina, the seventh of the nine manas. 


e Verse 30. The Sambitikas declare that a Samvatsara 
is equal to the time of a mean sidereal revolution of Guru 
the Jupiter (This is the Barhaspatyamana). The ninth 
mina named the Manushyamana is composite of the four 
minas (as detailed in verse 31). 


Comm. The years of the Barhaspatya mana are enu- 
merated as Vijaya, Jaya etc which are sixty in number. 
The same names are also adopted in the candramana ie 
the Iuni-Solar reckoning (In vogue in the Andhra Pradesh 
and some other provinces too) only with the difference that 
prabhava is taken as the starting year in which sequence 
Vijaya happens to be the &wenty-seventh year. Since tho 
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mean sidereal revolution takes roughly 11.8 years, five 
revolutions take 59 mean solar years. The sixtieth. year 
thereafter of the Jovian Cycle is considered as an Adhi- 
Samvatsara thereof so that the luni-Solar reckoning as well 
as the jovian reckoning get wedded together. Thus to get 
the jovian year we have simply to add 27 to the luni-solar 
year. The wedding of the two reckonings has its analogy 
in the process of intercalation which weds the solar reckon- 
ing with the luni-Solar only with the difference that 
months of the latter reckoning are set apart as Adhika 
or extra months. Just as the process of intercalation 
brings in its train what is called a Kshayamáasa as per the 
convention that, that month would be set apart as an 
Adhikamasa, which does not carry a Samkranti ie entrance 
of the Sun into the next Rasi, in which process there 
appears à month in which there may occur two Samkrantis 
which is hence considered as a Kshayamasa, just in a 
similar way that luni-Solar year in which the Jupiter 
enters the next Rasi, is supposed to be normal whereas that 
year in which such an entrance does not take place is 
deemed an Adhika year and set apart while that year which 
carries two entrances is deemed as a Kshya year, . The pro- 
cess of intercalation which weds together the solar and the 
luni-solar reckonings will be elucidated further in its appro- 
priate context. The word Samhitikas means the authors 
of the works called Samhitas like the Varaha-Brihatsambhita, 
etc, | 


Verse 31, The manushya-mana or that which men 
folow, adopts the year, the Ayana the Rtu or the season 
(six in number during an year) and the yuga according to 
the movement of the Sun ie according to Sauramana the 
months and the thithis according to the luni-solar reckon- 
ing ie according to Chandramana the Vratas, upavasas, 
treatment of diseases, deliveries of ladies, the names of the 
weeks all these according to the reckoning of civil days 
ie according to Savanamana and finally the ghatis 

to the 
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Comm, A lunation is divided into thirty tithis, whieh 
go by the names pratipat etc. of which there are fifteen in 
the brighter half of the lunation and fifteen in the dark 
fortnight. The pratipat tithi is that duration of time be- 
ginning from the moment of New Moon and ending when 
the Moon has over taken the Sun by 12°; the second tithi 
named dwitiyà begins af the end of pratipat and lasts upto 
the point of time when the moon's elongation is 24° and so 
on. Thus the tithis are seen to be of unequal length in as 
much as both the Sun and the Moon have unequal motion. 
The mean duration of a bithi is seen to be a little less than 
a civil day since a lunation has ronghly 292 civil days. 
There is a convention that the tithi which is current at a 
Sun-rise will be considered to be the tithi of the whole day. 
As per this convention if so happens that a tithi lasts just a 
little after Sun-rise and the next tithi vanishes during the 
same day so that the next but one will be taken for the next 
day. This vanishing tithi is known as a Kshaya tithi which 
is also called à Kshayaba. Again it so happens that a tithi 
may be current at two consecutive Sun-rises beginning a 
little before the Sun-rise of the first day and extending a 
little after the next Sun-rise. Such a tithi is called Dina- 
Traya or a tithi which touches three days. In this matter 
if seems as though we have gained a fithi but ultinately as 
a tithi must be less than a civil day, it so happens that on 
whe average there will be a Kshayaha ronghly in 64 tithis. 
We shall see more about this matter subsequently. 


Verse 82. Thus there are nine manas Manava, Divya 
(or of gods), Barhaspatya (Jovian) paitra, Nakshatra, 
Saura, Chandra, Savana and Brahma, But the planetary 
positions are to be computed by men by their own mana. 


Comm. Not necessary. 


. Here ends the Adhyaya known as Kala-mana in the 
Madbyadbikars. | 


MADHYADHIKARA — SECTION II 
BHAGANADHYAYA 


Verses 1 to 6. The number of sidereal revolutions of 
the Sun during a Kalpa is 4320000000, It is also the 
number of those of Mercury and Venus, and those of the 
S'ighroeckas of the planets Mars, Jupiter and Saturn. 


The Moon makes 57753300000 sidereal revolutions 
in a Kalpa, the Mars 2296828522, the Mercury's sighroccha 
17936998984, the Jupiter 334226155, the sighroccha of 
Venus 7022339492 and the Saturn 146567298. The sidereal 
revolutions of the apogees of the Sun and the Moon and 
those of the aphelia of Mars, Mercury, Jupiter, Venus snd 
Saturn in a Kelpa are respectively 430, 488105858, 292, 
859, ६55, 653, 41. 


The retrograde sidercal revolutions of the nodes of the 
orbits of Moon, Mars, Mercury, Jupiter, Venus and Saturn 
are respectively 432311168, 267, 521, 68, 893, 584. 


Comm. Since Mercury and Venus will be oscillating 
about the Sun in their apparent motion as seen from the 
earth in a long period of time,.the number of sidereal re- 
volutions made by the Sun is also equal to that made by 
Mercury and Venus, Since, as we see in the Course of the 
Spastadbikara the Sun plays the part of what is called the 
Sighroccha of the three major planets named Mars, Jupiter 
and Saturn, the number of the Sun’s sidereal revolutions 
is also the same as that of their s'ighroochas. 


The reason why the sidereal revolutions of what are 
called the sighrocchas of Mercury and Venus are.the’ same 
as the heliocentric sidereal revolutions of. Mercury arid 
Venus will be clarified in the spastadhikara. The reason 

why the sidereal revolutions of the major planets 
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the same as their heliocentric ones will also be clavified in 
the same adhikara, 


The reason why we have termed the Mandocchas as 
apogees in the caso of the Sun and the Moon and as aphelia 
with respect to the other planets is that the Sun moves 
round the earth relatively while the Mon directly moves 
round the earth whereas the remainning planets move 
round the Sun while the Sun moves relatively round the 
earth, In other words the Sun and Moon have apogees 
whereas the remainiug planets aphelia. 


The nodes of the planets are the points of intersection 
of their orbits with the ecliptic which is the apparent orbit 
of the Sun. In other words the planetary orbits are 
inclined fo the ecliptic which means that their orbital 
planas do not coincide with the ecliptic plane. 


In Hindu Astronomy the Sun, the Moon and also the 
two nodes of the lunar orbit which go by the nam3s Raha 
and Ketu are also termed as graha; along with the other 
five which are known as Tara-grahas or planets resembling 
stars. Ths etymology of the word ‘planet’ is that it 
moves amongst stars; in this respect the nine Hindu grahas 
also moving among the stars are eligible to have the same 
appellation though it is not permitted in modern astronomy. 
But the word graha has a different connotation etymologi- 
cally namely गृह्णातीति at gaa अनेनेति षा ग्रह्‌: ie that which 
seizes the fates of men is known as a graba., In the course 
of this work we use the word graha and planet synony- 
mously so that we deem the Suan, the Moon and the nodes 
of the lunar orbit also as planets. 


"When the ancient Hindu astronomers knew by obser- 
vation that the nodes of the lunar orbit have a retrograde 
motion, and could also measure their mean motion, they 
extended the analogy to the nodes ofthe other planets also, 
whose motion could not be measured during anybody’s life- 
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time-Hence the estimate of their mean motion by the 
Hindu Astronomers naturally went wrong. 


Noticing that the. Mandoccha of the Moon has a 
progressive motion which the Hindu astronomers could 
measure correctly, they extended the analogy to the apogee 
of the Sun and the aphelia of the other planets whose 
motion also being very slow could not be measured during 
the life-time of a man. So here also the estimate of their 
mean motions of the Sun’s apogee and the planetary aphelia 
went wrong. 


Bhaskaracharya has given proofs as to how the sidereal 
revolutions could be got but as we shall see later in the 
Srastadhikara, his proof occasionally suffers from what is 
calied ‘ इतरेतणाश्रयद\ष ’ ie ‘ begging the question’. We shall 
however construct our own proofs at that place deferring 
them for the present, for, the proofs require an elucidation 
which obtains in the Spastadhikara alone. 


Verse 7. The number of diurnal revolutions of the 
stars in a Kalpa is 1582236450000. 


Comm. In fact this number is that of the diurnal 
rotations of the earth which is equal to the number of 
apparent diurnal rotations of the stars, if the earth ie 
deemed as fixed. The only Hindu Astronomer who made 
bold to say that the earth is rotating and not the stars 
came under criticism by Brahmagupta and the latter Hindu 
astronomers. Aryabhata said अनुळोमगति : नोस्थः पश्यत्यचलं 
aei aga, ser भानि aza. समपदि ३मगानि exu" i 
Even as a man stationed on a moving boat perceives that 
the trees etc on the banks of the canal, river or lake to be 
moving in the opposite direction supposing himself statio- 
nary, so also men stationed on the surface of the earth 
(which is like a moving boat) perceive the actually statio- 
pary stars to be moving directly from east to west at 
Lanka ie the equator ” 


च 
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Why none of the latter Hindu astronomers, though 
many of them could intuit this simple phenomenon, boldly 
came out asserting this, is rather mysterious. Even today 
there is such an irrational orthodox type of scholars who 
are not in touch with modern astronomy, holding the view 
that the earth does not move. 


In Hindu Astronomy it was postulated that there is 
what is called the pravaha wind, which effects moving of 
the entire stellar universe along with the planets from 
east to West. It is a very simple matter to visualize 
earths’ rotation, instead of supposing that the entire stellar 
Universe is being driven round the earth. The absurdity 
in this latter supposition might not have been clear to the 
orthodox type of the Hindu Astronomers, for, they could 
not measure the dimensions of the giant stars and super- 
giants, which are everyone of them mighty Suns. Though, 
however, the dimensions of the Sun were known to them 
to be far greater than those of the earth, it did not occur to 
them why a mighty Sun should go round a pigmy earth. 
Or even if it occured to astronomers like Bhaskara, they 
dared not to go against the puranic tradition. 


Since the stars do not move among themselves while 
partaking this diurnal motion, the entire starry skies are 


eobliged to go round the earth as a rigid structure, if we 


suppose that the earth is not rotating about, herself. This 
kind of supposition is just like a revolving person, revol- 
ving about himself and claiming that the entire Universe is 
revolving round him and not he about himself. 


Bhaskara gives the proof of getting this number of 
diurnal rotations of the stars during an year in the verses 
5-7 of Madhyagati Vasana, समं smqatg दिती eto. as follows. 
Suppose a star and the Sun rise together today. Tomorrow 


-the star will have arisen earlier than the Sun who will 
have moved towards the east of the star by his own 


(apparent) daily motion. So tomorrow's sun-rise will get 
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belated by the duration of time that the arc of the ecliptic 
covered by the Sun’s today’s motion takes to rise. This 
duration of time is variable on two counts; first by the 
variable motion of the Sun and second by the obliquity of 
the ecliptic on account of which even equal aros of the 
ecliptic will not rise in equal times. In other words the 
duration of time between two consecutive Sun-rises will 
not be the same. This duration of a particular day can 
roughly be calculated by the rule of three as follows, Let 
the Sun be in a particular Rasi, the rising time T of which 
could be computed; let the Sun cover an arc of x? in that 
Rasi on that day. Then the time taken by that are to rise 
T 1 

18 =F where a Rasi consists of 30°, This time computed 
in Sidereal measure added to 60 Sideral ghatis is equal to 
the length of the day. During the course of an year ie the 
time taken by the Sun to move round the ecliptic starting 
from the Zero-point of the zodiac and again returning to 
the same point, the Sun will have made one revolution less 
than the stars. Thus if ‘R’ the number of diurnal revolu- 
tions of the Sua (where R will be not an integer) during an 
year or what is the same the number of Sivanz or civil 
days during an year, they are equal to R + 1 sideral days. 
Hence the number of sideral days in & kalpa will be equal 
to the number of civil days in a kalpa together with the 
‘number 4320000.000 which is the number of revolutions 
‘made by the Sun relative to the stars. 


:' In this context we are to know the number of oivil 
days in a kalpa. The proof given by Bhaskara in Ganita- 
dhyaya under verses 1-6 in Bhaganopapatthi is as follows, 
Draw a circle on a horizontal plane and place a vertical 
-pole called gnomon at the centre of the circle. Observe the 
point of intersection of the gnomon’s shadow with the 
circumference of the circle at Sun-rise on a day in the 
Uttardyana ie during the course of the Sun’s north-word 
journey, just at the time when his rising point is very near 

east: point and also to the south thereof, Then from 


~ 
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that- day go on counting the number of days, which will 
be 865 when the Sun again rises very nearly at the same 
point and just to the south of the east point. It will be 
found that the Sun will rise the next day just a little to 
the north of the east point, which means that the Sun has 
taken 865 days and a fractional part of a day to complete 
his revolution round the stars, Having noted the two 
points of intersection of the gnomonic shadow with the 
circle, on those two consecutive days when the Sun 
happens to rise just a little to the south and then on the 
next day just a little north of the east point, and having 
measured the arcs in minutes between those points of 
intersection and the western point of the horizontal cirele 
{western because the gnomonic shadow of the rising Sun 
is cast towards west) then the following rule of three 18 
to be applied. If during 60 ghatis of the day, the sum of 
the arcs in minutes is covered, what will be the time 
taken by the shadow to traverse the arc between the west 
point and the northern point of intersection, This added 
to 385, gives the number of civil days in an year. Here 
it will be noted that this year is tropical because rising in 
the east signifies the Sun’s position at an equinox. 


Verse 8. The number of solar days in a kalpa is 
equal to 1555200000000 and of the lunar days or tithis is 
2602999000000. 


Comm. Thé solar days here cited are counted at the 
rate of 360 per year; and the lunar days at the rate of 30 
per lunation. Tithiis defined as mentioned by us under 
verse 31 of the previous section. Since there are thirty 
tithisin a lunation, their enumeration is quite alright; 
but there seems to be a little oddity in saying that there 
are 860 solar days in an year. This kind of a solar day 
is a little longer than a civll day and does not correspond 
to any particular motion of the Sun; say for example the 
‘time taken by the Sun to move a degree along the ecliptio, 

definition of solar days pertains only to’ a stipulation 


860 solar days constitute a solar year and no 
tion is given for a single solar day. This definition of: 
solar days, though apparently artificial, has some signi- 
ficance, namely that the difference of the solar and lunar 
days defined above constitutes 15933000000 Adhikamasas 
ina kalraat the rate of 80 tithis per month. In other 
words the difference between the solar and lunar days, is 
the number of tithis that the lunisolar reckoning gains 
over the solar. This topic will be dealt with later. 


Verse 9, The number of civil days in a kalpa is 
equal to 1577916450000 ; the number of the diurnal revolu- 
tions of the stars minus the number of sidereal revolutions 
of any particular planet constitute the days of that parti- 
cular planet with respect to the earth. 


Comm.. The civil days in a kalpa are evidently the 
number of Sun-rises. These are as mentioned before the 
difference of the number of diurnal revolutions of the stars 
and the number of the sidereal revolutions of the Sun. 
By analogy, the number of the days of a particular planet 
with respect to the earth or what is the same the number 
of risings of that planet in a kalpa as seen from the earth, 
is the difference of the number of the diurnal revolutions 
of the stars and the number of the sidereal revolutions of 
that planet in a kalpa, Thus we have Saura-Ku-dinani, 
Chàndra-Ku-dinani, Bhauma-Ku-dinani etc, where the 
word ‘Ku’ means the earth. The Saura-Ku-dinàni are 
the civil days defined before. It will be noted that the 
Chandra- Ku-dinàni are not the lunar days. 


Verse 10. The number of Adhikamisas or intercalary 
months in a kalpa is equal to 1593300000 and the number 
of Dina-Kshayas is 25062550000. 


Comm.  Aluni-solar year as per Candramana ie the 
luni-solar reckoning consists of twelve lunations; as such 
its length falls short of that of the solar year by 11 days 
9 ghatis, 52 Vighatis and 80 Sükshmaghatis.. If both the 
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solar and luni-solar years begin simultaneously this year, 
by the end of the luni-solar year, it will have gained over 
the solar year the above-mentioned days. This difference 
which goes by the name Adhimasa-Sesha or Saddhi 
accrues to the length of a lunation in about 324 solar 
months. Unless this accruing difference is set apart by some 
device, and the beginnings of the two years again brought 
together, the luni-Solar year looses its significance of an 
year, for, it does not accord with seasons. It being a con- 
vention that an year should begin with the spring, if the 
luni-Solar year also is to begin with the spring, it is to be 
wedded to the solar year by some device. The device 
adopted in this behalf was to leave out a month in the luni- 
Solar reckoning as soon as if could be seen that a month 
has been gained by this reckoning over the solar. This 
knowledge is had from the following fact. The zodiac is 
divided into twelve equal portions called Rasi’s beginning 
from the first point of the Hindu Zodiac, ie. from the first 
point of the asterism division called Aswini. The Sun 
traverses each of these Rasis in one Solar month, and on 
account of the unequal motion of ‘the Sun, these solar 
months are of unequal length. The entrance of the Sun 
from one Rasi into another is called a Samkranti, and the 
moments of Samkrantis are held to be holy for religious pur- 
poses. The solar month being a little longer than a luna- 
tion, normally a Samkranti occurs in a lunation. But it 
so happens that in a particular lunar month this Samkranti 
might not occur. The Suddhi which is the time between 
the moment of New Moon and the subsequent Samkranti 
and which is therefore the time gained by the luni-Solar 
reckoning over the Solar, having accrued to a lunation, it 
is an indication that the luni-Solar reckoning has gained a 
lunation over the Solar. That lunation not carrying a 
Samkranti is termed an Adhikamasa and 18 left out. That 
it is left out is connoted by the word Adhika which means 
extra, as well as by the convention that no auspicious 
celebrations like & marriage etc. should not take 
4 
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during that month, The next lunar month is termed as 
the Nija~masa or the month which is the true. In this 
convention however, there may occur two Samkrantis in 
one particular lunar month. For this to happen two cri- 
teria are to be satisfied namely that, that particular lunar 
month must be greater than the concurrent solar month 
and secondly one of the two Samkrantis must occur imme- 
diately after a New-moon so as to permit the second Samk- 
ranti to occur just before the lapse of the lunar month. 
The Sun coming to his perigee roughly about the lunar 
month Margasira, and as such having the quickest motion 
at that point, he covers the length of the Rasi of 30° within 
the shortest span of time making that Solar month shorter 
than the corresponding lunar month, Since the months 
Kartica and pausha, one before and the other after Marga- 
sira, also being thus longer than the corresponding solar 
months, two Sankrantis could occur, if at all, in these three 
lunar months. If they occur, that lunar month is termed 
a Kshayamasa. Since two lunar months are fo correspond 
to two Samkrantis, convention has it that two lunar months 
lapse simultaneously during that lunation, the previous 
lunation running during the forenoon and the subsequent 
lunation during the affernoon, Thus a Kshaya masa is also 
called a yugalibhuüta masa or a twin māsa, which therefore 
makes one lunation virtually vanish. On account of this 
vanishing’, it is called a Kshayamasa. After what an inter: 
val-of time this Kshaya māsa occurs how a month precedes 
it having no Samkranti and how again a lunation follows 
it without a Samkranti will be seen in a subsequent 
context. This convention perfaining to the institution 
of an Adhikamāsa goes by the name ' Inter—calation ’, 


It was mentioned before that on an average an 
Adhikamasa occurs once in 325 solar months roughly~Also, 
Adhikamasas are the excess of lunations over the solar 
months in a given period. There being 51840000000 solar 
months in a Kalpa and 53483300000 lunations the number 
of Adhikamasas is therefore 1593300000 as mentioned, 
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Kshayahas were explained before and their number in 
a Kalpa is the difference Of the civil days and the tithis. 


Verses 11, 19. The numbr of solar months in a Kalpa 
is 51840000000; the number of lunar months is 
53433300000. The number of solar months heing subtracted 
from the number of lunations, we have the number of 
Adhikamasas—The number of solar days together with the 
days of Adhika months are equal to the lunar days or the 
fithis; or again the lunar days minus the Kshayahas are 
equal to the number of civil days or the reverse will be 
had by a reverse process. 


Comm, Already explained. 


Verse 13. The excess of the sidereal revolutions of the 
moon over the number of the Sun’s sidereal revolutions is 
equal fo the number of chandramasas or lunations. 


Or again the excess of the sum of the sidereal revolu- 
tions of the moon and the tithis over the sum of the luna- 
tions and the diurnal revolutions of the stars is equal to tha 
number of Kshayabas, 


Comm. The first part is clear, Regarding the second, 
let the number of lunations be x and the number of the 
gidereal revolutions of the moon be y. Then y—x=z, the 
number of the Sidereal revolutions of the Sun because 
y — z = X from the first part above. If now, the number 
of the diurnal revolutions of the stars be t, then t — z = f — 
(y — x) = t + x— y = civil days. Subtracting these civil 
days from ‘U’ the number of Tithis, we have the number 
of Kshayahas namely U —(t+x—y)=(U+y)— 
(& + x) which accords with the statement. 


Verse 14. The number of Adhikamasas is equal to the 
excess of the number of sidereal revolutions of the Moon 
over thirteen times the number of sidereal revolutions of 
the Sun. 
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Comm. Let x and y be the numbers of sidereal revolu- 
tions of the Moon and the Sun respectively. The x—y is 
evidently the number of lunations as mentioned before. 
Also 12 y is the number of solar months which if subtracted 
from the number of lunations will give the number of 
Adhimasas ie x — y — 12 y = x — 13 y = Adhikamasas as 
mentioned. 


This completes the Bhaganadhyaya of Madhyadhi- 
kara. 


GRAHANAYANADHYAYA मनयचथ्यायः 


Verse 1. To Compute the Ahargana the collection of 
days from the beginning of Kalpa ie from the beginning 
of creation. Multiply the number of sidereal solar years 
from the beginning of Kalpa by 12; add the nnmber of 
elapsed lunar months; multiply by thirty ; add the number 
of elapsed tithis. Let this number be x. Then k xA =] 
the integral number obtained by dividing the product of x 
and A the number of Adhikamasas in a Kalpa by s the 
number of Solar days thereof gives the number of elapsed 
Adhikamasas. Multiply this number of Adhikamasas by 
30 and add to x. The result gives the number of elapsed 


tithis, Let this be y. Then z=] the integral num- 


ber obtained by dividing the product of y and K the num- 
ber of Kshayahas in a Kalpa by T the number of Tithis in 
a Kalpa, gives the number of Kshayahas. Subtracting this 
number from y, we have the Ahargana ie the number of the 
elapsed civil days from the beginning of Kalpa. This 
Ahargana has its beginning on Sunday and is itself consti- 
tuted of mean solar days. While computing the Adhiks- 
māsas or Kshayahas, the integral numbers of the quosients 
alone should be taken rejecting the remainders, 


Comm. The elapsed number of solar years is directed 
to be multiplied by 12 in the beginning. This number 
does not constitute purely solar years. Solarity was 
secured upto the point of the last intercalation of an Adhi- 
kamasa and thereafter one or two luni-solar years would 
have been added, But Construing these one or two luni- 
solar years as mean solar years does not make a difference 
while computing the Adhikamasas, for the following reason. 
Adhikamasas normally occur once in three years, Even 
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‘supposing that the number of the elapsed years contain 
three luni-solar years after the year carrying the last inter- 
calary month, the error in construing them to be solar will 
be roughly minus one solar month. In other words the 
difference between three mean solar years and three luni- 
solar years will be roughly one solar month. Since one 
Adhikamasa occurs roushly in 39% solar months, so the 
number of Adhikamasas obtained by construing three luni- 
solar years as mean Solar years will bein default by roughly 
l . 
394 ° 
of Adhikamasas obtained as a quotient rejecting the 


2 : 
r 63° As we are counting only the integral number 


remainder, the above default of * should not normally 


effect the quotient. Most rarely, however, it might effeot 
the quotient by one, for which provision is made by Bhas- 
kara in verse 3 under Adhimasddinirnaya section, Madhya- 
madhikara namely स्पष्टोऽधिमाखः पतितोप्यळब्धः ete. which 
means that if the quotient is in default by one, where it 
is definitely known that one more Adhikamasa did occur, 
we are directed to add one and if we certainly know that 
the quotient contains one more Adhikamasa, when the 
Adhikamasa is shortly to occur and has not occrued we 
are directed to substract one from the quotient. This 
principle of सेकत्वनिरेक्त्व is to be observed even in the 
context of Kshayahas ie we are directed to add one or 
subtract one from the number of civil days by adjusting 
the Ahargana to the week-day on which the Ahargana is 
sought to be found. 


Thus construing the elapsed number of years to be 
solar, multiplying them by twelve we have the elapsed 
solar months. Adding to this the number of the elapsed 
luni-Solar months construing these to be solar, which fact 
also does not affect normally the number of Adhikamasas to 
be obtained (for the same reason above) and multiplying by 
30 and adding the clapsed tithis we have the elapsed num- 
ber of solar days (This number may not be exactly the 
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elapsed number of solar days, for, we have construed the 
one, two or three luni-Solar years as mean solar as well as 
the elapsed lunations of the present year as solar months ; 
but this difference does not affect thecomputation of Adhika- 
māsas as mentioned above). Then, as we are given that 
15933,00000 Adhikamasas occur in 1555200000000 solar 
days of the Kalpa, if x be the number of solar days found 


give the number of the 


Adhikamasas. Adding these Adhikamasas multiplied by 30, 
to x the solar days obtained above, we have the Tithis elap- 
sed upto the day in question. if now, we subtract the 
Kshayahas from these Tithis, we shall have the number of 
Savanáhas or the Ahargana required. Since in 1602999000000 
Tithis of the Kalpa there will be 25082550000 Kshayahas, if 
y be the Tithis above obtained, "००0 
the Kshayahas from the beginning of the Kalpa upto the 
day in question; subtracting these from y, we have the 
required Ahargana. 


will be 


Verse 4. Computation of the planetary positions. 


The Ahargana multiplied by the number of sidereal 
revolutions of a planet and divided by the number of civil 
days in a Kalpa gives the planet ie its number of revolu- 
tions upto the day concerned both integral and fractional. 


Comm. Applying ‘Rule of three’, if in C the 
number of civil days in the Kalpa, the planet makes P 
sidereal revolutions how many revolutions would have been 
made in A the Ahargana? The answer is A AAS 


. In this, 


the integral quotient gives the number of complete revolu- 
tions made; the remainder, multiplied by 12 and divided by 
O again, gives the number of Rasis covered by the planet 
from the Zero-point of the Zodiac, and again the remainder 

by 30 and divided by C gives the number of deg- 


32 


rees covered in the next Rasi; proceeding thus, the planetary 
position could be had next in minutes and then in seconds 
of aro also. This position is the mean position of the. 
planet, at the time when the mean Sun is very nearly at 
the Eastern horizon at Lanka. Why it is said “very 
nearly at the horizon "' will be clear in the context of uda- 
yantara Samskara to be dealt with later in Spastadhikara. 
To obtain the planetary position at the moment when the 
mean Sun is exactly on the horizon, we have to apply what 
is called the Udayantara correction and again to obtain the 
position at the moment of True Sun-rise we have to apply 
what is called the Bhujantara correction, both of which will 
be dealt with in Spastadhikars, Having thus got the 
mean planetary position at True Sun-rise, we have to apply 
one or two as the case may be, corrections to obtain the 
True planetary position, besides effecting two more correc- 
tions known as Desantara and chara to obtain the True 
planetary position at the time of True Sun-rise not at 
Lanka but at the place concerned. 


Verse 5. To obtain the position of the mean Moon, 
when the mean Sun is known from what is called Avama- 
3888, 


The Avama Sesa divided by 131490000000 in degrees 
is to be added to twelve times the elapsed tithis and the 
result added to the Sun’s position gives the position of the 
Moon. Conversely the position of the Sun can be had from 
the position of the Moon. 


Comm. The moon’s longitude minus the Sun’s longi- 
tude known as elongation is called Vyarkéndu, which 
divided by twelve gives the number of elapsed tithis; a 
lunation which is the time in which the Moon overtakes 
the Sun by 360^, contains thirty tithis and a tithi is defined 
as the time, in which the Moon overtakes the Sun by 12°, 
beginning from the moment of conjunction ie Amavasya. 
Hence if the Sun’s longitude be x°, aud y be the number of 
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elapsed tithis, integral or fractional (x + 12y)? will be the 
longitude of the Moon. If, however, we consider y only as 
the integral number of the elapsed tithis, we will have 
obtained the Moon’s position from the formula (x + 12y)° 
at the ending moment of the tithi on the previous day. 
The time in between this ending moment of the tithi and 
the Sun-rise of the day concerned is known as Avama~ 
Sesha, since the Avama-days or Kshayahas are the differ- 
ence of days between the number of tithis in a given 
period and the number of civil days during the same 
period. In other words, the excess of a civil day over 
a tithi which falls short of it, is the part of a civil day 
that contributes towards the number of Kshayahas in a 
given period. Thus we have to compute the increase in 
the Moon's longitude during the aforesaid Avama-Sesha 
to obtain his longitude at the Sun-rise of the day concern- 
ed. But this Avama-Sesha is of the form F 1! XE 
where ‘t’ is the number of elapsed tithis upto the Sun-rise 
of the day concerned K the number of Kshayahas in a Kalpa, 


T 18 the number of tithis in a Kalpa and F (XE 


signifies the fractional part called Avama-Sesha, the integral 
quotient having given the number of elapsed Kshayahas, 
CCS 88 न where R is the remainder 
obtained by dividing (t X K) by T, the Avama-Sesha is of 
the form This Avama-Sesha being mean solar, it has 
to be rendered luni-Solar, which process is known as 
न्चाद्रीकरणम्‌. The rule of three used in this behalf is 
‘If for C civil days we have T tithis of the Kalpa, what 


. R T 1 R 
shall we have for T ? The answer is T x G^ c This 


Hence writing F 


then is the balance fractional part of a tithi that is there in 

between the end of the elapsed tithi and the Sun-rise of the 

day concerned. This part of 4 tithi is to be multiplied by 
à 
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12 to give in degrees the increase of Moon’s longitude from 
the ending moment of the tithi on the previous day. Thus 


this increase is a x 12; but C = 1577916450000 


R 77 med 
q P= Mm ^ 181490000000 
approximately. 


Thus this increase is to be aded to (x +12 y)? where 
x^is the longitude of the Sun and y the integral part of 
the elapsed tithis so that the Moon’s longitude is 


125) 181490000000 


Verses 6, 7. Computation of the positions of the Sun 
and the Moon from the Adhimasa-Sesha and Avama-Sesha. 
The Avama-Sesha divided by 27110000000 is termed an 
additive constant in minutes of arc to the Sun’s position ; 
the same Avama-Sesha multiplied by 18 and divided by 36 
is termed such an additive constant to the position of the 
Moon; Construe that the Sun’s position is given by as 
many degrees as there are elapsed tithis after the beginning 
of Chaitra and that the Moon’s position is given by Thir- 
teen times the same. Let these positions of the Sun and 
the Moon be diminished by a number of degrees equal to. 
what is obtained by dividing the Adhimasa-Sesha by the 
number of lunations in a Kalpa. Then add the respective 
additive constants to the positions of the Sun and the Moon 
so obtained, The results will be the positions of the Mean 
Sun and the Mean Moon, 


Comm. Here the data are the Adhimasa-Sesha and 
the Avama-Sesha and nothing else and the problem set is 
fo find the Mean positions of the Sun and Moon. The 


r 


Adhimasa-Sesha is of the form Tu where BR’ is the 


remainder obtained while finding the elapsed Adhimasas 


5b 


by dividing the product of the number of lunations in 
a Kalpa and (19 x +y) 30 +t where x is fhe number 
of elapsed years, y the number of elapsed lunations t 
the number of elapsed tithis in the current lunar month 
at the time when the Ahargana is being computed and 
S the number of Solar days in & Kalpa, The form 


R 
of the Avama-Sesha was formerly stated as T The 


procedure given is as follows. In the first place, we are 
asked to assume that the number of elapsed solar days is 
equal to the number of elapsed tithis from the beginning of 
Chaitra ie the beginning of the luni-Solar year, since we do 
not know- when the Solar year began; so, at the rate of 1° 
per à Solar day (A Solar day is not a mean solar day, 
Vide definition given before under verse 8. Bhaganadh- 
yaya) the Sun’s position is given by as many degrees as 
there are elapsed tithis; and the Moon’s position must be 
18 times the same since each fithi means an increase of 
12° in the elougation andif x° be the Sun’s position, the 
Moon’s position must be 12 x? ahead of the Sun ie 13 x°. 
Having got thus approximate positions of the Sun and the 
Moon, we have to make amends for the roughness of the 
assumption made. In assuming that the longitude of the 
Sun is equal to the number of elapsed tithis, we have over- 
estimated the longitude since it has to begin from the 
beginning of the solar year. The time in between the 
beginnings of the luni-Solar year and the solar year is 
known as the Adhimasa-Sesha at the time ofthe beginning 
of the solar year, measured in tithis; also, we have com- 
mitted an error in assuming the Sun's rate to be 1° per tithi, 
This also is due to Adhimasa-Sesha subsequent to the 
beginning of the Solar year upto the day concerned- Thus 
the entire error committed by assuming the Sun’s longitude 
to be as many degrees as there are elapsed tithis from the 
beginning of the luni-Solar year. is no other than the Adhi- 
-masa-Sesha at the day concerned, But this Adhimisa- 


/ 


x 80 | 
Sesha is of the form Tg as mentioned and is in tithis, 


36 


This has to be converted into solar days to give us the 
number of degrees of the error. The conversion is effected 
by the rule of three as “If T tithis of a Kalpa constitute S 
solar days of the Kalpa, what number of solar days corres- 


i R’ 3 
ponds to LM, The answer is RM X à = 


R’ x 30 R’ R’ 


T = फु ^ L where L is the number of 


7 


. R 
lunations in à Kalpa. This T being the number of solar 


days corresponding to the Adhimadsa-Sesha upto the day 


concerned, the corresponding longitude of the Sun namely 
19 

En must be subtracted from the Sun's longitude. Now the 

question arises whether we have to multiply this A by 13 


to be subtracted from the longitude of the Moon; not 


10 


necessary, enough to subtract n only, for, the Adhimasa- 


sesha extends from the preceeding Amivasya only when 
the Moon’s longitude was equal to the Sun’s longitude, 
We have thus got the mean positions of the Sun and the 
Moon at the ending moment of the tithi on the previous 
day. To get their mean positions at the Sun-rise of the 
concerned day, we have to make amends for the time in 
between, which is no other than Avama-Sesha as a fraction 
of a mean solar day. Here Bhaskara makes an ingenious 
approximation. The maximum Avama-Sesha could be a 
tithi only and the Sun moves roughly ‘by his daily mean 
motion during a tithi. So, the rule of three adopted ig 
‘ If for one tithi, the Sun’s daily motion is to be reckoned 
what for the Avama-Sesha ? The answer is Avama-Sesha 
multiplied by the Sun's daily motion. The Avama-Sesha 
8’ 


l R R , R 
being of the form तक’ p Xm = क > 59 0 
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R' R’ 

T = 1602999000000x15 = उना very 
59.2 887 arl 0000 
approximately, 


This must be added to the position of the Sun to get 
his position at the Sun-rise concerned. In the case of the 
Moon the above additive constant of the Sun, is to be 
multiplied by 1332 because the Moon’s daily motion is so 
many times that of the Sun. Hence the additive constant 
in the case of the Moon is x X 18123 = 18 x (1 + 34) 
where x is the additive constant in the case of the Sun. 
This agrees with what Bhaskara has stated. 


Verses 8,9. Another way of computing the planetary 
positions, 


The mean position of the Sun in Rasis minus 
A XG A 
131493037500 Rasis where A stands for the Ahargana, G 
stands for the Savana days of the planet concerned in a 
Kalpa gives the position of the planet in Rasis. Let 
pandits find out other similar methods. 


Comm. The Savana daysof a planet is the excess of 
the diurnal rotations of the stars over the sidereal revolu- 
, tions of the planet ie D — P = G where G stands for the 


Savana days of the planet. Hence P — D — G ~ A ~= P 
where A is the Ahargana, and M the number of mean solar 

nak AD AG AXP F 
days in a Kalpa = ^p — ^ar. Pu w IF 


where I is the integral number of the revolutions of the 
planet and F the fractional part of a revolution which is 
the planetary position required. Thus from the equation 


AXP AXD AXG _ p s 
uv a" आटण योत व I+ F. Omitting the 


D m व 
integral part in = A and signifying the remainder as ft, 
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AXG p ; ' 
we have f — Fr —I'--F where I’ is some integer other 


AX D 
than I. But = which gives us the number of: 


diurnal rotations of the stars upto the day concerned 18 
equal to the Ahargana plus the number of revolutions of 
the Sun upto the day concerned, because Ahargana + 
Revolutions of the Sun = diurnal rotations of the stars 
upto the day concerned. Omitting the integral Ahargana 
and the integral number of revolutions of the Sun we have 


A D . Li . ' 
that the fractional part of = le f is no other than 


fhe Sun’s position. Hence. 


AXP M D 
AX art Rat - =A an 

se EC | 

1577916450000 "9vo'utlons = 155091645099  Rasis = 
R | 

131498031500 Rasis. Thus the planetary position is 


; en : AXG 
equal to the Sun's position minus 131493037500 where the 
integral parts on either side could be ignored. 
Here there is a peculiarity in this method. The planet 


could right away be obtained from the formula à 


X 
M 
where A is the Ahargana, P the number of sidereal revolu— 
tions of the planet and M the number of mean Solar days 
ina Kalpa. Though the given method is more cumbrous 
than finding through the above formula, Bhaskara delibe- 
rately gives it to show the equivalence of various proce- 
dures at the same time giving us a beautiful technique as 
mentioned in his commentary. Thus in the above equation 
AXP AxXD AXG 


साली 


a Say — "wr the first term on the right 
hand side could be termed the Bha-bhrama-graha and the 


AXG 
second term M the graha-Savana-Dina-graha. We 
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have seen above that the first term is no other than the 
Mean Sun ignoring the integral number, 


Verses 10,11. Proof of other methods of computing 
planetary position, Hven as the sums or differences of 
two or more of the numbers of Adhimasas, Kshayahas, 
lunations ete give the number of sidereal revolutions of the 
planets the sums or differences of two or more of the posi- 
tions of the imaginary planets which go by the names 
Adhimasa-graha, Kshayahagraha etc computed out of the 
numbers of those Adhimasas Kshayahas etc, give the 
respective planetary positions. 


Comm, This interesting concept is based upon the 
following principle. Suppose P to be the number of side- 
real revolutions of a planet; then S द P gives the planetary 


position, where A is the Ahargana, and M the number of 
mean solar days in à Kalpa. Now suppose P—x-&y-z 
where x, y, z are the numbers of Adhimdsas eto in a Kalpa, 
then 


AXE क X. BAY AX z 
M M M M ' 


. The terms on the right-hand-side may be construed to 
be the Adhimasa-graha etc, which are the positions of 
imaginary planets and their sums or dffferences give there- 
fore the position of the planet, as could be seen from the 
above equation. Thus for example, we have the equation 
P,— 182, =a where P, is the number of the sidereal 
revolutions of the Moon and P, the number of the sidereal 
revolutions of the Sun, a stands for the Adhimasas because 
Chandramasas — Sauramasas = Adhimasas; but Chandra- 
māsas = P, — P, and Sauramasas = 12 P, so that 
P, — P, —12P, = aie P, — 180 =a, From this equation 
AXP La X f , IBP,X A 
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The first term on the right hand side is termed as the 
Adhimasa-graha, and the second term is evidently 13 times 
the position of the Sun whereas the term on the left-hand- 
side is the Moon’s position. Hence, ignoring the integral 
number of revolutions, we have Moon’s position = Adhi- 
masa — graha + 13 times Sun’s position (Ignoring the 
number of integral revolutions means subtracting integral 
revolutions or adding them if necessary). 


Verses 12,13. A few more examples on the afore- 
said principle. The planetary position obtained by the 
sum of the sidereal revolutions of two planets, added to or 
Subtracted from another planetary position obtained by 
the difference of the sidereal revolutions of two planets and 
divided by two gives the positions of the two planets res- 
pectively, the quicker of the two in the first case and the 
slower in the second. Similarly the planetary position com- 
puted from the difference of the sidereal revolutions of two 
planets subtracted from the planetary position of the quicker 
of the two gives the position of the slower whereas the 
former planetary position added to the position of the 
slower gives the quicker. 


Comm. We have (P, E Pa) +P, Ed = P, (1) and 


(P, + P Ee = P, (2) where P, is the number 


of sidereal revolutions of a quick-moving planet and P, 
that of a slow-moving one, Multiplying the above equa- 


tions by A with the former notation, 


M 
<(p.+P,) +m(P,—-P,) PxA 
M 3 2 M (iT Fs) _ EX | 
क ME "MU (8) and: 
& (P, + P,) — M (P, — P) A 
M — M ae 

CAM L— Fal c A x p, (4) 


Equations (3) and W) mean what has been stated in verse 
(12). Again we have the equations P, — (P, — P,) = P, 


* 
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and P, + (P, — P,) = P, where P, and P, are the numbers 
of sidereal revolutions of a quick and slow moving planets 
respectively. Following the same principle as above we 
could obtain their positions by multiplying the equations 


A 
through out by M and calling planets on the left-hand- 


aide as (1) Dwiparyayantarodbhava-graha subtracted from 
the quick-moving one and (2) the slow-moving planet 
increased by the Dwiparyayantara-graha respectively. 


Verse 14. The difference of the S'ighra and Sighra- 
Kendra as well as the Sum of the Mandoccha and the Manda 
Kendra give the planet to be computed. Or again a com- 
puted planet multiplied by the number of sidereal revolu- 
tions of a planet to be computed and divided by the number 
of sidereal revolutions of the computed gives the planet to 
be computed. 


Comm. U, —P = K, and P — U, = K, where ण, 
P, U,, K, and K, are respectively the number of Sidereal 
revolutions of the Sighroccha, planet, the Mandoccha, the 
Sighra-Kendra and the Manda Kendra; hence, we have 


P = U, — K, = U, + K, from these equations also 
i A 
by multiplying througout by Mo we have the planetary 


position as the difference of the S'ighroecha-graha and 
Sighra Kendra-graha or the sum of the Mandoocha-graha 
and Manda-Kendra-graha. 


Again, if P,, Ps be the numbers of sidereal revolutions. 
of a computed planet and one to be computed respectively 
and if p, p, be the computed planet and the one to be 
computed, then 


A 
P, X = = ps Ps X M = p sothat gi = P 
P, X Ps 
Pa 
6 


= P, which means that the position of the 
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planet to be computed is got by multiplying the planetary 
position of a planet computed by the number of sidereal 
revolutions of the planet to be computed and dividing by 
the number of sidereal revolutions of the planet computed. 


Verse 15. We get the Ahargana by multiplying the 
planetary position given in number of revolutions and 
fraction of a revolution by the number of days in a Kalpa 
and dividing by the number of sidereal revolutions in a 
Kalpa. How by indeterminate analysis we get the saine 
Ahargana, given the number of past sidereal revolutions 
alone, or by the fractional part of a revolution alone, or 
by the sum of the fractional parts in the case of more items 
involved, I shall tell later. 


Comm. While computing the planet we have the 


formula 2 ^W E = p where A = Ahargana, P = fhe num- 


ber of sidereal revolutions of the planet, M — number of 
mean solar days in à Kalpa and p = the planetary position 
consisting of the number of past revolutions and also the 
fraction of a revolution. From the above equation, the 


M X 
Ahargana A = P P as stated, In tne case of only 


the integral number of revolutions or the fraction of a 
revolution alone being given, or the sum of remainders if 
more items than one are involved, the method of fiinding 
the Ahargana is illustrated in golidhyaya under prasna- 
adhyaya under verses 12—21. 


Verses 16, 17. Method of getting the time in solar 
years that has elapsed from the beginning of the Kalpa, 
given the Ahargana. 


The given Ahargana multiplied by the number of 
Kshaya-tithis in a Kalpa and divided by the number of 
civil days in a Kalpa gives the number of the elapsed Kshaya 
tithis. Adding these to the Ahargana we have the lunar 
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days L. These again multiplied by the number of Adhika- 
masas in a Kalpa and divided by the tithis in a Kalpa gives 
the elapsed number of Adhikamisas. Multiplying this 
number by thirty and subtracting from the above lunar 
days L, we have the elapsed solar days. Dividing these by 
thirty, we have the number of elapsed solar months, the 
remainder being solar days. Dividing the solar months by 
12, we have the elapsed solar years and the remainder here 
are the solar months, Thus we have the solar years, solar 
months and solar days corresponding to the given 
Ahargana. 


Comm. The inverse process detailed here is quite 
clear. 


Verse 18. Computation of the Ahargana and the 
planctary positions from the beginning of the Kaliyuga. 


Find the Ahargana from the beginning of the Kaliyuga 
either (according to the method described formerly with 
respect to a Kalpa) and this Ahargana begins from Friday, 
Computing the mean planetary positions from this Ahar- 
gana and adding to their mean positions at the beginning 
of the Kali which are known as Dhruvakas, we have their 
planetary positions for the day concerned. 


* Verses 19,20. The Dhruvakas of the planetary posi- 
tions at the beginning of Kali, given in a tabular form. 


7 EE Ne, oe Op oO 
> sl ml ae eee 
=} o n O w O & 
= = S > aw Ak M < 8 
WR) WRI 1117 IIR. WR; 2R  4R. SR | Rasis 
29? 27° 29° 28° 28° | 17° 5° 3? | Degrees 


y 24' 27! 42' 46' 45! 29' 12’ minutes 
50” 29” 36" 14" 34" 36" 46" 58" Seconds 
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Comm. The mean Sun and the mean Moon are taken 
to be in conjunction at the zero-point of the Zodiac, The 
planetary positions given above are accepted by Bhaskara 
on the authority of Brahmagupta. The fact that these 
positions differ from those given by Aryabhata signifies 
that Brahmagupta observed the True positions in his own 
time and to obtain those positions by calculation, he must 
have changed the fundamental constants such as the 
number of civil days, and sidereal revolutions of planets 
etc in a Kalpa. Here ends the section known as graha- 
nayana. 


MADHYADHIKARA - KAKSHADHYAYA 


Verses 1, 2. The circumference of Akasa-—Kaksha. 


Astronomers say that the circumference of Akasa- 
Kaksha is 18712069200000000 yojanas. Some say it is the 
circumference of the universe whereas some say that it is 
the circumference of the mountain which goes by the name 
Lokaloka. Those who perceive the celestial sphere as a 
fruit of the emblic myrobalan, (Known as Amalaka in Sans- 
krit) placed in the palm, say that it is the circumference of 
the sphere of solar radiation ie the imaginary sphere whose 
volume is filled by solar light. 


Comm. Bhaskara, in the course of the Commentary 
makes it clear that he does not subscribe to this idea which 
is only mythological. Look at his words which are signifi- 
cant and testify to his rational outlook ‘‘ नाऽस्माकं मतमित्यर्थः, 
प्रमाण झान्यत्वात '' ie “This is not our view; because it is 
baseless'". A yojana will be seen to be equal to 5 miles 
approximately. 


Verse 3. He gives his personal view as follows. 


The universe may be bounded or unbounded ; our view 
*ia that this dimension of the circumference is no other 
than the distance covered by each planet in the Kalpa. 


Comm. This was an assumption made by the ancient 
Hindu Astronomers, as well as another assumption that the 
distance covered by every planet during & day is the same. 
'This we shall see later. 


Verse 4. The circumference of the universe given 
above divided by the number of the siderea! revolutions in 
a Kalpa of any planet gives the circumference of the plane- 
tary orbit, so that in a Kalpa, the total distance covered is 
the circumference of the universe. 
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Comm. Clear. 


Verse 5. The circumferences of the orbits of the Sun, 
Moon and the Stars. l 


The circumference of the Sun’s orbit is 43314973 yoja- 
nas, that of the Moon 324000 yojanas, of the stellar sphere 
259889850 yojanas. 


Comm. Later, we are told by Bhaskara that the cir- 
cumference of the earth is 4967 yojanas and its diameter is 
1581. As the method given by him in the Commentary in 
that context, to measure the circumference of the earth is 
correct, we may take it that the ancient Hindu Astronomers 
could estimate the same correctly. If that be 80, when 
Bhaskara gives the circumference to be 4967 yojanas, it 


means 4967 ४०] = 3000 x 4t miles or 1 yojana 
eas 9960 X 44 = 1 1 t 5 1 ~ 
EL XU. 5.01 miles or what is the same 1581 yoja 


nas = 7920 miles ie one yojana=5.01 miles approximately. 
With this measure of a yojana, the Moon’s mean distance 
from the earth’s centre should be (as given above) 

324000 X 7 


44 X 5 miles = 257725 miles approximately. 


This seems to be a fair estimate and we have to find 
out how this estimate could be made—Indeed, there are 
many elementary trigonometrical methods of finding the 
distance of the Moon. Which of them was used by the 
Hindu Astronomers, we have to discuss. Bhaskara, however 
takes if implicitly from Brahmagupta’s version. The latter 
does noti mention from what source he derived it but simply 
mentions that he has resuscitated the Brahma-Siddbanta, 
which grew obsolete. Hither he or the author of Brahma- 
Siddhanta must have computed this distance using trigono- 
metry. The following seems to be the simplest method, by 
which the Moon's distance was originally estimated—Refer 
fig. 1. Let z be the zenith-distance of the Moon as obser- 
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Fig. 1 


ved from & place À on the primary meridian going through 
Lanka, Ujjain, Kerukshetra etc by an instrumeut (A pro- 
tractor) described by Bhaskara under verse 5 Chandragraha- 
nadhikara, grabaganita at the time of transitting. Let B be 
a sublunar point on the earth at the moment of that obser- 
vation, where B is also on the same primary meridian. 
Since both the places happen to be on the primary meridian, 
and such places were primarily known, both the observa- 
tions could be made simultaneously. Knowing the distance 
A B between the two places, the angle Q subtended by A B 
could be easily got from the triangle A O M where Q is the 
earth’s centre and M the Moon. As 8 first approximation, 

E = REM =. ae LA taking O M roughly to 
be equal to (a + d). In the above equation, a being known 
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a Sin Q Stri , d _ a o 

१= ठान Z-— (Sin 0)" trictly speaking sig 6 ^ Sin (7-0) 
a Bin Q g; gi : gi 

so that d — Sin (Z-0) ince (Sin Z — Sin 0) < Sin (Z-0) 

the estimate of d obtained is a little greater than its 

true value, We shall discuss other possible methods of 

finding the Moon's distance in the chapter on lunar eclipses. 


Having got the distance of the Moon as afore-said, 
it was easy to obtain the angle ~ marked in fig. 1 for, 
gi M,M' a 2wa 4967 
ma = OM d 2rd ~ 324000 
Since æ is small Sin ~ = œ radians. 
4967 X 9488 4967 x 191 


-= = "783000 = — 1800 ~ 997 
Sinee the Moon's daily average motion 790' — 35" is had 
52.7 X 60 


in sixty Nadis, 52.7’ of motion is covered in 


approximately = $2 = 4 Nadis. Thus the fact that we are 
given the horizontal parallax as 4 Nadis in the context of 
lunar eclipses is based on this, 


Having obtained thus the distance of the Moon from 
the centre of the earth 8, and having measured the angular 
diameter of the Moon's disc with the help of the protractor 
mentioned above, from the triangle £AM (Ref. fig. 2) where 


Fig. 2 
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EA is a tangent to the Moon's disc and M the centre of 
the Moon, Sin B = 7 where B is the angular semi-dia- 
meter of the Moon's disc, r' = the spherical radius of 


the Moon’s disc measured in yojanas, so that since 
Sin B=B in Hindu trigonometry when the angle is small, 


; _ 324000X16 , 


394000 3498 ° Mr = 3438 ; hence 
, ,18000 x 16 |, 7 _ 504000 _ | 


Bhaskara gives the semi-diameter of the Moon’s disc to be 
16'-0"-9"' so that the above r’ is very approximately 240 
yojanas as given by Bhaskara. 


Now with these constants pertaining to the Moon’s 
distance, and his spherical radius, it was sought to find the 
spatial distance traversed by the Moon during a day. The 
rule of three used was “ If 16’-0’-19’" of the Moon's angu- 
lar semi-diameter pertains to a spatial distance of 240 yoja- 
nas at his orbit, what does the mean daily motion of 
790'-85" pertain to?” The answer is 993785000 L 118583 
yojanas as given by Bhaskara elsewhere or taking the 
Moon's mean semi-angular diameter to be 16’ only, and 
using the rule of three “ If 16’ at the lunar orbit correspond 
to 240 yojanas, what do 790'-35" correspond to" we have 
79078 = 18 x 1904, = $ X 9487 = 9487 + 
== 11858? yojanas as given by Bhaskara. 


Thus having obtained the daily spatial motion, the 
Hindu Astronomers assumed all the other planets (includ- 
ing the Sun) to have the same daily mean spatial motion. 
On this assumption since the, Moon's orbit will be 
27.3217 X11858%= 324000 yojanas, and the circumference 
of the universe will be 324000 x 657753300000 
=18712069200000000 yojanas the Sun's orbit will be 

q 
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Cireumference of the universe of the universe — 4331497} yojanas 
Number of sidereal revolutions 
324000 x 57753300000 3240 77 
nga ud c es > १100) 
(because 7 530000000 432 


" - X 577533 = 3832998 — 43314974). 


Also, the circumference of the stellar universe was 
presumed to be sixty times that of the Sun’s orbit. 


With the constants obtained for the Moon’s diameter 
and distance and with assumption that all the planets hava 
the same daily motion, the constants pertaining to the Sun 
and the other planets were obtained. We shall resume this 
topic in another context. 


Verse 6. The mean daily motion of the planets. 


The circumference of the universe divided by the num- 
ber of days in the Kalpa, gives the daily spatial motion of 
a planet. The planets move thus a distance of 11858? 
yojanas in 8 day. 


Comm. Already explained. 


Verse 1, and half the verse 8. The Ahargana multiplied 
by 11859 decreased by the quotient obtained by dividing 
the product of the Ahargana and 9921 by 35419 gives the 
distance covered by a planet in yojanas. These yojanas 
divided by the circumference of the planet's orbit gives the 
fraction of a revolution and the integral number of revolu- 
tions made, 


Comm. Let the Ahargana be A; every planet should 
have described a space equal to A X D where D is the dis- 
tance traversed per day and is just a little less than 11859, 
or more correctly should have described a space equal to 


C TER 
A X = where C is the afore-said circumference of the 
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universe, and c the number of civil days or mean solar 
days in a Kalpa. For the sake of an easy computation 
Bhaskara gives here an interpolation. In the first place, 
we are asked to multiply A by 11859 by which, an excess is 
there in the result; then this excess is sought to be removed 


The excess is A X 11859 AXC because À X — is the 


correct distance described. In other words, the distance 
described by any planet is 


AXE — A X 11859 — (A x 11859— 


AX) I 


ue : = 18712069200000000 _ 420024000 i: iiis by 


— 


1577916450000 35419 
the common factor 44550000 
'. The space described by any planet is from I 


A X 11859 — A (X 1999 — 93 
e 
35419 x 11859 — 420024000 
= 1859 JJ 77 AU EY 
A x 11859 — A. | 35419 j 
But the numerator within the brackets is 99921 


'. Space described = A x 11859 — di 


qs stated. This distance divided by the individual orbital 
lengths, we have the integral number of revolutions made 
by each planet, rejecting which we have the fractional part 
of a revolution which gives the position of the planet. 


Verses 8,9. The orbit of the planet itself is no doubt 
the orbit of the Mandoccha (apogee with respect to the Sun 
and the Moon and aphelion with respect to the other Star- 
planets ie Mars, Mercury, Jupiter, Venus and Saturn) and 
of the node (point of intersection of the orbits of the Star- 
planets with the ecliptic); but while Computing the posi- 
tions of these Mandocchas and the Nodes, as per the 
method indicated above ie according to the method of 
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Kakshādhyāya, their orbits are taken to differ from those 
of the planets. (because slow-moving points will have 
longer orbits as per the assumption made namely that the 
circumference of the universe divided by the number of the < 
sidereal revolutions gives the length of the orbit), Simi- 
larly the orbit of the Sun itself will be the orbit of Mercury 
and Venus, and the orbits of their Sighrocchas are their 
real orbits wherein Mercury and Venus are taken to move 
with the velocity of the Sun. 


Comm. The prescription of the computation of a 
planetary position as per the method of Kakshadhyaya, has 
brought in an awkward situation. Let us consider the 
Computation of the positions of Mercury and Venus. These 
two planets oscillate about the mean position of the Sun, 
because their orbits happen to lie within the earth’s orbit. 
Fence their mean sidereal periods coincide with that of the 
Sun, which means that their numbers of sidereal revolu- 
tions coincide with the number of sidereal revolutions of 
the Sun. Hence the Kakshadhyaya method of Computing 
@ planetary position brings in the idea that the orbits of 
Mercury and Venus coincide with the orbit of the Sun. 
Bhaskara perceived the awkwardness of this situation and 
says therefore, the above coincidence of the orbits must not 
be taken to be a reality but is intended only for the sake of 
computation. The actual planets Mercury and Venus in 
fact revolve says Bhaskara in the orbits of their Sighroc- 
chas, with the velocity of the Sun-Even this supposition 
that the actual planets move with the velocity of the Sun 
sounds odd, but this will be clarified later in the spashta - 
adhikara, wherein we propose to explain the peculiar con- 
cept of Sighroccha at length. 


Here ends the Grahanayanadhyaya according to the 
Kakshadhyaya method. 


THE ADHYAYA KNOWN AS PRATYABDA 
SUDDHI IN MADHYADHIKARA 


Verse 1. The number of years which have elapsed from 
the beginning of the Kalpa, respectively multiplied by 2, 4 
and 3 and divided by 8, gives what is called Dinadya in 
days, ghatis and Vighatis respectively. If this be added to 
the number of years and divided by seven, the remainder 
gives the Abdapa or the lord of the year, (under whose name 
the week-day of the commencement of the year stands). 


Comm. One mean solar year consists of 365 days, 15 
ghatis, 30 palas, and 223 Vipalas where the units are all 
mean solar and one mean solar day is equal to 60 mean solar 
ghatis, one mean solar ghati is equal to 60 mean solar palas, 
one mean solar pala is equal to 60 mean solar Vipalas and 
80 on in sexagesimal sub-division. The fraction of the day 
over and above 365 days, namely 0-15-30-22-30 multiplied 
by 8 gives 2 days, 4 ghatis and 3 palas so that by the rule 
of three i.e. ‘If in 8 mean solar years, the fraction accrues 
to 2 days, 4 ghatis and 3 palas, what will it accrue to in x 
elapsed mean solar years from the beginning of the Kalpa ? 


we have the answer t days, 2 ghatis and x 


® 

palas. If this is added to the number of the elapsed years, 
and the result divided by seven, the remainder gives the 
week-day of the commencement of the concerned year, be- 
cause the remainder got by dividing 365 by 7 is one, and 
the week day advances at the rate of one per year. Also 
the Kalpa began on Sun-day. 


Verse 2. Alternate method. 


Half the number of elapsed years added to उ of itself; 
then divided by 60 and added to 2 of the elapsed years, 
gives the Dinadya. 
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Comm. Since the Dinadya per year is 0O-15-30-22-30, 
in x elapsed years it accrues to x > 0-15-30-22-30 


-— days -+ at ghatis + x X223 palas = Z days 


x x x 45 x 9x 1 X 

= emad — — > ८४ sd 

E i i palas T T 608 ^ 4 T 
x (1-Ed) a ates) d which is the given 
formula. 


Verse 2. Alternative method. 


The number of elapsed years divided by respectively 4, 
120, and 9600 and the Sum taken gives the Dinadya. 


Comm. Let x be the number of elapsed years. The 


प x0-15-80-22-80 = = x x30 d 
inadya aa before is x x 0-15-30 0 d + 60 X60 


x x46 d x X 
pani scd x वल. म Nee Sec ih 
T 3x60 * 80x60 G ino T छळ) ds given 


Verse 3. To obtain what is known as Kshayahadya. 
The number of elapsed Kshayahas from the beginning of 
Kalpa upto the commencement of the year, is obtained as 
follows. Let x be the number of elapsed years; then 

_ x (l+e5)4+80x . aha “ 
= ग, = Kshayahas. 


Comm. The number of Kshayahas in a Kalpa of 
4320000000 solar years is 25082550000 so that per year their 
number is 5-48-22-7-30. In this 0-48-22~7-30 is said to 
be Kshayahadya per year = 1 — (0-11-37-52-30) putting 
the quantity within the brackets into a fraction, 523 vipalas 


_ 105 [. 7 7 
nom x oo 6 palas; (37--£) palas = P x a 
aatis .. 101 101 1861 
ghatis hatis; ll —— ghatis = - ~ 
60 8 shats = 160 x gò “४४४ 
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1861 1 
f 
160 ? 60 days 160 of 31 days, one ghati. Hence 
per year the Kshayahadya is 1 1 d so that 


(31-1) 
for x years it would be {x PE (214) | d 


~ 160 
=x — a [30x + x (1 + æ) } which is the formula 
given, 

4. Alternative method. 


The Dinàdya obtained before multiplied by three, is to 
be diminished by zfoth of the number of years; the result 
increased by j5th of the number of years gives the number 
of Kshayahas 


Comm. The Dinadya pertaining to one year is 
0-15-30-22-30 and the Kshayahadya is 0—48-22-7-80. 
Multiply the former by 3 and subtract from the latter; we 
have 0-1-51 = 0-1-57 == 0-1-3 0-34 = ġo X an == i$5g 
day Hence K —3D = 4225 day where K = Kshayahadya and 


D = Dinadya .'. K = 3D + 1300 hence per x years it 


= 8D X x + 3 400 Which is the formula given 


4 contd. Alternative method. 


Comm. The Kshayahadya for an year is 0-48-29-7-30 
48 ghatis = ( 1 — 4%) day; hence for x years x (1 — 1 ). 
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The remaining fraction = 0-0-22-75 = 0-0-(22+42« 4 


Tin TF 2:59: . FO 
Sr त स्का 160 x 6 
P se 1 m d (i-a hence for 

day = 186 G0 x 160 ^ 160 60) ° 


ears -> (1 — i) 
7 T60 \ — 60 
Adding the two we have the required formula. 
Verse 5. To obtain the elapsed number of Adhikama- 
sas and what is called S'uddhi. 


The sum of the Dinadya, Kshayahadya and ten times 
the number oi elapsed years divided by 30, gives the num- 
ber of the elapsed Adbikamasas; the remainder is known as 
S'uddhi if diminished by the fraction of the Kshayahas. 


Comm. The number of mean solar days in an year is 
365-15-30-22-30; the Kshayahas in an year are 5-48-22-7- 30; 
adding the two we have the number of tithis in an year 
equal to 371-3-52-30. The number of solar days being 960, 
the number of tithis which constitute the Adhimasas is 
equal to 11-3-59-30. The sum of the Dinadys and Ksha- 
yahadya in an year = 0-15-80-22-30 + 0-48-22-7-39 = 
1-3-52-80. Hence the above number of tithis which cons- 
titute the Adhimasas namely 11-3-52-30 = 10 + Sum of 
Dinadya and Kshayahadya pertaining to an year. Hence 
for x years, the Adhimasa days are equal to x x 10--Sum of 
Dinadya and Kshahadya for x years. These Adhimisa days 
divided by 30 give the Adhimasas, and the remainder is 
called S'uddhi, so called because while finding the Ahargana 
from the beginning of a solar year, this remainder has to be 
subtracted. Why the fraction of Kshayahas, which is there 
in this S'uddhi is prescribed to be subtracted, will be explai- 
ned in another context. 


Verse 6. An alternative method to find the Adhima- 
sas, The number of years divided separately by 32 and 30, 
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the sum increased by the number of years multiplied by 
eleven and the result divided by 30 gives the number of 
elapsed Adhimasas. The remainder diminished by the 
fraction of Kshayahas as mentioned before, is the Suddhi. 


Comm. Every year, the number of Tithis that consti- 
tute the Adhimāsās accruing in the course of years, is 
11-3-52-30. The fractional part of this namely 0-3—-52-30 


3 105 31 
= 0-3-5214 = 0 — 0 ae ae 
0-3-52} = 0 — 8 + x80 0 Ei 8 
—-91, 1 . 81 . 16115 . 1 + + ^ converted 


8 60 480 480 30 32 


into days. Hence for x years zT + a Adding the 


number of days 11x, we have llx + 50 + i as stated. 


Dividing these days by 30, we have fhe number of elapsed 
Adhimasas and the remainder is Suddhi, if the fraction 
of the Kshayahas is subtracted therefrom as indicated. 


Verse 7. Method of finding the lord of the year with- 
out a knowledge of Dinadya. 


The week-day at the Commencement of the Solar 
year, which pertains to the lord of the year, is the remain- 
der got by dividing by seven the S'uddhi which is itself 
diminished by the remainders got iby dividing by seven 
separately firstly double the excess of the elapsed years over 
the elapsed Adhikamasas and secondly the elapsed Ksha- 
yahas. This may be put in symbols as R, {S—R, (2y—4A) 
—R, K.} = R {S — R, (ly —2A + K)} where R, signi- 
fies the remainder got by dividing by seven the quantity 
which follows, S signifies S'uddhi, y means the elapsed 
Solar years A the elapsed Adhikamasas and K the elapsed 
Kshayahas. 

8 
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Comm. The lord of the year is the lord of the week- 
day at the Commencement of the solar year. To get this 
week-day we have if the number of Tithis elapsed upto the 
beginning of the luni-solar year be T, the Suddhi S', the 
Kshayabas upto the Commencement of the solar year be K, 
then since the number of civil days is equal to T + E, R, 
(civil days)- R, (T 4-S — K). But T=360y + 30A where 
y is the number of elapsed solar years and A the number of 
elapsed Adhikamasas. . R, (T) = Rr (850y + 80A) = R, 
(By + 2A) since the remainder got by dividing 360 and 30 
by seven are respectively 3 and 2. Hence R, (civil days = 
Ahargana) = R, (Sy + 2A) + E,S' — R,K. The number of 
Kshayahas K = y (5-48-22-7-30) = 5y + y (0-48-22-7-30). 
But y (0-48-22-7-30) = K where K is the previously calcu- 
lated Kshayahadya. Hence R,K = R,5y + E,K. Substi- 
tuting this in the above R, (civil days) = R, (3y + 2A) + 
R,S — R, (5y + K) = RS — R, (by — 3y) + R, (2A) — 
RK = E, (S — E, (2y — 2A) — R,K ] which is the given 
formula = R, (S — R, (2y — 2A + K)] 


Verse 8. To obtain the fractional part of the elapsed 
Kshayahas even without a knowledge of the number of 
Ksbayahas. 


The excess of the ghatis of the Adhimasa Sesha ie the 
remainder got by dividing the sum of the Dinadya, Ksha- 
yahadya and ten times the number of elapsed years by 30 ac 
indicated in verse 5, over the ghatis of the Dinadya, obtai- 
ned under verse 1 gives the fractional part of the Kshayahas. 


Comm. The ghatis or the fractional part of the 
masa Sesha is the-sum of the fractional parts of Dinadha 
and the Kshayahadya so that the excess of the ghatis of 
the Adhimasa Sesha over the ghatis or the fractional part 
of the Dinadya gives the ghatis or jthe fractional part of 
the Kshayahas. 


Verse 9. The planetary positions at the end of the 
elapsed solar year. 
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The number of the elapsed solar years multiplied by 
the number of sidereal revolutions of the respective planets 
„ina Kalpa and divided by the number of Solar years in 

a Kalpa gives the planetary positions at the end of the last 
Solar year. 


Comm. This is a simple rule of three, The plane- 
tary positions so got, leaving out the integral numbers of 
revolutions made which are not required, are called the 
Dhruvakas of the respective planets for the ensuing solar 
year. With respect to the apogee of the Sun and the aphelia 
and nodes of the star—planets these Dhruvakas themselves 
give their positions for the whole ensuing year, as their 
motion is very very slow. 


Verse 10. An alternative method of obtaining the 
Dhruvaka of the Moon, 


The Adhimasa Sesha multiplied by 12 gives the posi- 
tion of the Moon at the Commencement of the Solar year. 


Comm. Since the position of the Sun is at the Zero- 
point of the Zodiac at the Commencement of the solar year, 
and since the Adhimasa Sesha is the difference of the solar 
and luni-Solar systems of reckoning, or what is the same, 
the aro gained by the Moon over the Sun, which is no 
other than the elongation of fhe Moon measured in Tithis 
each tithi being of 12° gain of elongation, so the Adhimasa 
Sesha at the Commencement of the solar year in Tithis 
multiplied by 12 gives the longitude of the Moon ab that ` 
Commencement, (Note-Bhaskara waxes into poatic 
eloquence in the second half of the verse, having given the 
procedure in the first half), 


Verse 11. Procedure prescribed in the event of oom- 
puting planetary positions from the beginning of the 
Kaliyuga for the sake of convenience. 
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The Dinadya may be also obtained from the beginning 
of the Kali, which begins with Friday. The Dhruvas 
calculated for the commencement of the solar year are to 
be added to the planetary positions at the beginning of the 
Kali, in the event of computing the Ahargana and thereby 
the planetary positions from the beginning of the Kaliyuga 
for the sake of convenience 


Comm. The Dinadya at the commencement of Kali 
is Zero, since the number of civil days during the length 
of time equal to a Kaliyuga is integral and equal to 
157791645 according to Brahmagupta and Bhaskara who 
follows him. The Suryasiddhanta, it may be noted here, 
gives the number of days in a Kaliyuga as not integral 
but equal to 157791782.8. Hence the Dinadya computed 
from the beginning of the Kali is to be increased by .8 to 
obtain its value according to Suryasiddhanta. The plane- 
tary positions at the commencement of Kali were given 
by Bhaskara already. 


Verse 19. The number of what are called Kshepadinas 
to obtain the Ahargana. 


Hereafter Bhaskara is going fo obtain the planetary 
positions for any day during the current solar year having 
obtained the Dhruvakas or the planetary positions for the 
beginning of the Solar year. In that behalf the Ahargana 
or the collection of days which have elapsed from the 
commencement of the Solar year is to be found, This 
Ahargana is obtained by subtracting the number of Ksha- 
yabas from the number of tithis that have elapsed. In 
finding these Kshayahas, we have to take note that there 
is a little remnant of Kshayahas at the beginning of the 
Solar year which is also to be taken into account while 
computing the number of Kshayahas during the course of 
the year. In other words, the number of Kshayahas that 
are going to be computed during the course of the year, 
for the elapsed part of the year will be in default of the 
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actual number if we ignore the acorued fraction of Ksha- 
yahàs at the commencement of the Solar year. To make 
amends for that defauli we have to add some number to 
the numerator of the improper fraction which is going to 
give us the number of the elapsed Kshayahas during the 
course of the year. The formula that is going to be used. 
to obtain the number of Kshayahás during the elapsed 


tithis is 64 (1 uo This formula arises out of the 


fact that there are 55739 Kshayahas during 3562220 tithis, 
so that for 64 tithis the number of Kshayahis is equal to 
64 X 55739 _ 3567296 5076 
3562290 3562220 ~ 1 3562990 — | t 
1 
3562220 = 1 + 703 - Let the fraction of Kshayaha at 


the commencement of the solar year, to be taken into 


account be x ghatis i.e. Fe of a tithis (for Kshayahas are 
are computed out of tithis) i.e. a Let y be the 
number of tithis elapsed after the commencement of the 
solar year. Then to compute the Kshayahas that ensue 
after the commencement of the solar year upto the day 
“concerned during the course of the year, the formula to 

uelis (1425), Toti x tithis 
be used is ह] | 1 + 703)" To his we have to add 60 
as the balance of Kshayaha at the commencement of the 
solar year to be taken into acccount 


x tithis xX64 xX $ 


बा“ क o mese ee n OD 


60 64X60 60 | 
Now, in computing the number of tithis which have 
elapsed after the commencement of the Solar year, we 
subtract S'uddhi from the number of tithis that have 
elapsed after the beginning of the luni-Solar year. But 
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in this S'uddhi we have subtracted the fractional part of 
the Kshayahas for a different purpose so that in sub- 
tracting the Suddhi, we have increased the tithis by the 
fractional part of the Ksbayahas. This increase there- 
fore should be nullified, which means that the quantity 
to be added is 


— e ———MÀ——M»srnÀ'— —À ५८४ “०४१४ — 
sans „m > 


64 60 64 ण ४064 64 


Hence the Kshepadinas or the tithis to be added to the 
number of tithis which have elapsed from the commence- 
ment of the Solar year, are x (1 + z5). This means that 
the ghatis x which form the fractional part of the 
Kshayáhas are to be increased by one twentieth part of 
themselves and are to be viewed as fithis and not ghatis as 
mentioned. 


Verse 12 (contd.) and Verse 18. To find the Ahar- 
gana, ie the collection of days which have elapsed from 
the commencement of the solar year. 


The number of tithis which have elapsed from the 
commencement of the luni-Solar year diminished by the 
Suddhi, increased by z55th part of the result, and then 
increased by the Kshepa-tithis aforesaid, and the result 
divided by 64, gives the number of Kshayahas, which have 
elapsed from the beginning of the Solar year. These are- 
fo be subtracted from the tithis which have elapsed from 
the beginning of the Solar year to give the Ahargana. 


Fig. 3 


Comm. (Refer Fig. 3). Let T, be point indicating 
the commencement of luni-Solar year; let R, be the point 
indicating the next Sun-rise. Let S be the beginning 
point of the Solar year, R, the preceding Sun-rise and T 
the ending moment of the preceding tithi; Let R, be the 
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next Sun-rise, T, the ending moment of the tithi preceding 
the Sun-rise R, upto which point the Ahargana has to 
, be found from the commencement of the Solar year. Thus 
the Ahargana to be found is SR, = ST; + T; R. Here 
T, R, is the Kshayaghatis, at the Sun-rise concerned. 
SR, is a fraction of a day that is'to be there in the Ahar- 
gana SR, we are seeking. While subtracting the S'uddhi 
T, 8 diminished by the Kshayaghatis T, R, from the 
number of elapsed integral number of tithis from. the 
commencement of the luni-Solar year namely T, T, we 
have T, TZ, — (T, S — TR = T, 1, — (T, T, — SR) = 
T, I; + SE. Thus instead of SR, + R, R, we have by 
the above procedure SR, + T, Tg. Though both T, T, and 
R, H, are integral numbers and should be the same if the 
interval is small, they may differ by an integral number, 
if the interval happens to be long. Bhaskara says that 
this difference of an integral number will be rectified by 
the Kshepadinas found under verse No. 19, for, from these 
Kshepadinas, the Kshayahas are found and subtracted 
from the tithis. It will be noted that the difference of 
an integral number between T, T, and Rs R, is no other 
than Kshayahas. 


Or, this may be seen in an other way. We are to find 
SR, = T,R,—T,S-—7T,7,- T, R, — T, S = HaT, — 
(T, S — T, R) = No. of elapsed tithis — (Suddhi — 
Kshayaghatis at the day concerned). But instead of the 
Kshayaghatis at the day concerned Bhaskara prescribes 
the subtraction of the Kshayaghatis at the end of the Solar 
year ie instead of subtracting T, R, it is prescribed to sub- 
tract T; Rs. This difference, Bhaskara says is made up 
by taking into account the Kshepadinas pertaining to the 
Kshayahas. 


Verse 14, In case the Ahargana is required for a day 
preceeding the commencement of the Solar year, then the 
elapsed tithis are less than the Tithis of the Suddhi; so 
subtraction is not feasible, In this oase, it is prescribed 
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to take the elapsed tithis from the previous Chaitra and 
the S'uddhi of the previous year. Also in this case the 
Dhruvakas pertain to the commencement of the previous. 


Solar year. 
Comm. Easy. 


Verse 15. To obtain the position of the Sun. 


The number of the days in the Abargana is to be 
diminished by ws part of itself to obtain the number of 
degrees, and fractions thereof; then the Ahargana multi- 
plied by three and divided by 22 gives the minutes and 
fractions thereof. Adding the two results we get the 
position of the Sun. 


Comm. The mean daily motion of fhe Sun is 
0-59-8-10-21. Here 59’ = 1° —1'-—(1— 45); for x 


x ; | 
days x (1 — छठ)? = x? — 60 38 mentioned. The remain- 


807’ f 
ing part namely 0-0-8-10-21 = 72000 ` Converting this 


into a continued fracti वावी es : 

into à contin ction it is equal to TT 3 ITF 
i . 9 3x. 

of which a good convergent is ay. Hence for x days 33 


as stated in the verse. 
Verse 16. To obtain the position of the Moon. 


The number of elapsed integral tithis multiplied by 
12 and added to the Sun’s position in degrees, gives the 
Moon's position in degrees at the ending moment of the 
tithi preceeding the day at the Sun-rise of which the 
planetary positions are sought. To find the position at 
the Sun-rise required, ten times the Kshaya-dina-Sesha 
increased by th of itself gives the number of minutes to. 
be added -to the position got above. 
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Comm. The first part is clear, because for every tithi, 
there will be an increase of elongation of 12°. To gat the 
fractional part of the fithi in between the ending moment 
of the tithi and the subsequent Sun-rise, the interval which 
is Savana ie expressed in the unit of civil day has to be 
converted into luni-Solar units. The rule of three is ' If for 
63 Savana days there are 64 tithis, what will it be for the 
above interval?’ Here the approximate ratio of $$ is used 
because the Ahargana which is Laghu is small ie is less 
than 865. The Kshaya-dina-Sesha which was got under 


verses 12. 13, has a divisor of 64, and is of the form > 


64 
4 
Hence the quantity to be added is स 63 25 of a tithi 


63 x 12 X 60 minutes of arc = $ X 10 y = 10 y (1 +3) 


minutes as given in the verse. This has to be added to 
12t°, got before where t is the number of elapsed tithis. 


Verse 17. Computation of Mars. 


The mean daily motion of Mars is 0-31-28—28—-7 —0—830 
+ 0-0-90 minus 0-0-3-31-53. If x be the number of 


x? 
days x X 0-80! — 5 ; x X 0-0-90' = 2 X 3'; thus the 


rule prescribed is “ Half of the number of days gives the 
degrees; half the number of days multiplied by 3 gives 
the number of minutes” from this we have to subtract 
x X (0-0-8-81-53). The quantity within the brackets 
is approximately कह of a minute for 4. ' —0-0-3"-31"'—46"" 
Since the Ahargan® is small the precision required is there 


Thus the rule isz +g X 3 + 17 the Dhruvaka at the 
beginning of the Solar year. 
Verse 18. Computation of the Sighroccha of Mercury. 


The mean daily motion of the Budha-Sighra is 
4*—5'—82"—-18'"—28"" , 
9 
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Rule. If the Ahargana be x days then the Sighra will 
०. 4X3 
be 4x? + 130 


motion is x X 4° + x X (0-5'-82'-18'^-28""). The second 


0 


+ Dhruvaka, Proof. For x days, the mean 


; 9^, 12 : 
part is taken to be 4x X 13070 X X jag = X X gs for 
हड of à degree = 0-5'-32"-18-'"28"". The fraction ws can 
be seen to be a convergent of the remainder for 5'-32"- 


"nt HO 0 29907 1" A i Ad J 
18 -28 240000 3 10+ 1+ 4+ 1+ 9968 


penultimate convergent 18 55, 


of which the 


Verse 19. The Ahargana divided by 12 and by 71 
gives respectively the positive degrees and negative minutes 
to be added to the Dhruvaka of Jupiter. 


Comm. If x be the Ahargana x — zi + Dhruvaka 
Guru. 

The mean daily motion of Jupiter is 0-4-59-9.9—0-—5' 
minus 0-0-0-50-51. Evidently 0-5' x x = x . The 


: 61' 
remainder 0-0-0-50-51 = 183^ of which the continued 


TOO WC , 
fraction is TOL 11 4° A very approximate convergent 


is yr as given. 


Verse 19 contd. To obtain the position of the S'ighra 
of venus. 


The Ahargana multiplied by 10 and divided by 6 and 
155 respectively gives degrees positive and negative to be 
added to the Dhruvaka of Venus to give his position, 


T . 10x 10x 
Comm. The formula is ^6 "^ lBg. The mean daily 


motion of the Sighra of Venus is 1*-86'—7"-44'" 35'"" "T 
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1°~40' minus 0-3'052’-15" approximately. For x daysx X 
0 © 
ly = FES 1 7 which gives the first part. Also 3’~52'- 


ea, | NI, —— Sy o dem 


* ks D a 10x° | 
proximate convergent is fr rss ie for x days TBR Hence 
PN 1056 10x? 
the position is given by "8 — Far + Dhruvaka. 


Verses 20. The position of Saturn is given by T + 
= + Dhruvaka = Saturn’s position. 


Comm. The mean daily motion of Saturn is 
0-2-0-22-51. 


For x days 2x' +x X 0'-22"-61". The latter part 
137” b 1 d^ 11l ee 


is 360 approximately = ep Fe of which a near 
x" 
covergent # so that for x days, we have 2x’ + = 


+ Dhruvaka position of Saturn. 


Verses 20 contd. To find the position of the apogee of 
Moor. 


The Ahargana divided successively by 10 and 88 and 
added gives the degrees to be added to the Dhruvaka of 
the Apogee of the Moon to obtain its position. 


Comm. The mean daily motion of the apogee of the 
Moon is 0-6-40-63-56. At the rate of 6’ per day, in x 
X 


days the number of degrees covered is jo? the remainder 
4601" I. e 
-88+41 ° 


approximate convergent is gx. Hence the position is given 


A. x I " 
by 10 g gq + Dhruvaka as given by the verse. 


Verse 21. To obtain the position of the lugar Node 


The Ahargana multiplied by 30 and divided by 566 
gives the number of degrees to be added to the Dhruvaka 
to give the position of Rahu. 


Comm. If the number of the sidereal revolutions of 
Rabu in a Kalpa multiplied by twelve divide the number 
of days in a Kalpa we have very approximately 566, which 
means that Rahu traverses a Rasi very nearly in 566 days. 
Hence dividing the Ahargana by 566, and multiplying by 
30, we have the degrees covered, which being added to the 
Dhruvaka gives the position of Rahu. 


22, 29, 24, Alternative method of obtaining 
the planetary positions. 


The Ahargana multiplied by 100000, and divided 
successively by 101461, 151787, 190833, 24436, 1203400, 
62416, 2990000, 898000, 1886800 gives the respective posi- 
tions of theplanets beginning from the Sun and those of 
the apogee and Node of the Moon; in the case of the 
Moon, however, the result is to be multiplied by 20. The 
results in degrees added to the Dhruvakas give their poši- 
tions. 


Comm, The degrees covered by the planets etc in 
R x 360 x D? 
D days ४४४ A where R is the number of side- 
real revolutions in a Kalpa, M the number of mean solar 
days in 8 Kalpa, and D the Ahargana. Now 


R X 360.> D Rx 360 X D x 100009 2X 100000 
eR em See = M x 100000. 
M. x 100000 . 


Then “Rx 360 ४ found for every planet. In the oase 
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of the Moon, however a multiplier 20 also is used in addi- 
tion to 100000, because he has sudh a quicker motion. 


Verses 25, 26. To obtain the mean daily motion of 
the planets. 


The number of minutes of arc moved by a planet per 
day gives the mean daily motion of that planet. Though, 
however, the spatial velocity of each planet is the same 
per day, in angle, the velocities differ, (on account of the 
varied distances) and so we perceive slowness or fastness 
in the movement of the planets. 


Comm. Easy. 


The assumption of equal daily spatial velocities for 
all the planets has been explained before. The daily 
angular velocity of a planet in minutes of arc is 
R x 360 X 60’ 
eee cue where R is the number of its sidereal re- 


volutions and M the number of mean solar days in a Kalpa. 


Verse 27. The reason for unequal angular velocity 
of the planets. 


Since the planetary orbits are all construed as com- 
prising of 360° alone, a minute of arc of a smaller orbit 
has a smaller spatial distance which will be covered more 
rapidly, the velocity being constant, whereas of a longer 
orbit, a minute of arc means a longer distance which will 
be covered in a longer time at the same spatial velocity, 
which means that the planet appears to be slow in 
motion. Thus the Moon, the Mercury, Venus, Sun, Mars, 
Jupiter, Saturn being placed at longer distances from the 
earth in ascending order their orbits are longer in ascend- 
ing order so that they are slower in angular motion in 
that order, 


Here ends the section oalled Pratyabda S'uddhi in the 
chapter Madhyadhikara. 


THE SECTION KNOWN AS ADHIMASADI- 
NIRNAYA IN Ch. I 


Verse 1. A special feature of the computation of 
Abargana. If the Ahargana is to bo increased or decreased 
by unity to adjust it with the week-day, the tithis also are 
to be increased or decreased by unity to be adjusted with 
the week-day. Thon in that context of increasing or 
decreasing the Ahargana by a day the Adhimasa-Sesha is 
to be increased or decreased by the number of Adhimasas 
ofa Kalpa and the Avama-Sesha is to be increased or 
decreased by the Avamas or Kshayahas of a Kalpa. 


Comm. After having computed the Ahargana as per 
the directions given under verses 1-3 of the section of 
Grahanayana, we have to test its correctness on the basis 
of the week-day taking it that the Kalpa began with 
Sunday. In other words, since the number of the elapsed 
week-days accord with the number of Sun rises, the week- 
day on the day on which the Ahargana is computed should 
accord with the Ahargana ie dividing tbe Abargana by 
seven, the remainder must give us the week-day of the day 
in question. But it so happens that we may have to add 
or subtract one from the Ahargana arrived at to adjust. 
the Abargana with the week-day. Why does this happen ? 


The reason is 8४ follows. When we find the Ahargana 
for a particular number of elapsed tithis, we are unwit- 
tingly taking the number of elapsed true tithis in the place 
of the average tithis. The fact that we are given in the 
table of constants, the number of mean units of time in 
a Kalpa, for example mean solar days, mean tithis etc, and 
the fact that computation proceeds only on the basis of 
shese mean units, means that we have taken into account 
only the number of mean tithis elapsed. Hence this is 
to be corrected by us. If we are computing the AI 
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for, say, the pratipas of phalguna, we automatically 
take that the elapsed true tithis from the beginning of 
the luni-Solar year is 11 X 80 = 330 tithis, But it may 
so happen that had we taken only the namber of mean 
tithis elapsed, either 229 tithis or 331 tithis might have 
elapsed and not 330 as construed which therefore works 
an error amounting to unity in the Abargana arrived at. 
At the same time the error does not exceed unity, for, 
during the course of every lunation, the longer tithis are 
almost compensated by tithis of shorter duration in the 
same lunation. The variance in the length of a bithi being 
wrought by the variable motion of the Moon, whichzagain 
depends on the distance of the Moon from his apogee, is 
rounded off in every lunation, as the Moon completes a 
circle with respect to the apogee in what is called an 
anomalistic month. 


Thus it is that the Ahargana is to be rectified on the 
basis of the week day. When this is done and the 
Ahargana happens to be increased or decreased by unity, 
automatically it goes without saying, that the tithis are also 
increased or decreased by one. In this context there is a 
still more deeper significance as detailed below. The 
Adhimasis are computed from the following formula viz, 
A X 8 

8 
masas in a Kalpa, S = solar days in a Kalpa, I = Integral 


= I + E x 30 (1) where A = Ahargana, a = adhi- 


- F 
quotient obtained by division and y X 30 the Adhimasa- 


Sesha-tithis, If now A is to be increased or decreased by 1 
(A*1)& Aaya 
= g 


erii. मा muti ah ”” 


F T 
= 1+ दु X 30 * a/S from (1) =I + 


F x 80 + 
S 
increased or decreased by 9 ie the number or adhimasas, 


E ; hence the adhimasa-sesha namely F X 30 is 


Similarly the Avama-Sesha or the Kshayaha-Sesha is 
to be increased or decreased by the Kshayahas in a "^" - 
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The particular mention of the increase or decrease in the 
Adhimisa-Sesha or the Avama-Sesha is necessitated in the 
context of computing the positions of the Sun or Moon, 
given the Adhimasa Sesha and Avama-Sesha as mentioned 
under verses 6, 7 in the section of grahanayana. 


Verse 2. Pertaining to the smaller Ahargana compu- 
ted from the beginning of the current Solar year, called 
Laghu-Ahargana. 


In the case of computing the Ahargana from the 
beginning of the Solar year also, when the Ahargana is to 
be increased or decreased by unity, the tithis are to be 
increased or decreased by unity. The Avama-Sesha here 
is to be increased or decreased not by the Kshayahas of 
the Kalpa but only by unity because we have used the 
formula 2; of tithis to get the Kshayahas. If, an Adhika- 
masa happens to occur during the course of the current 
year, the tithis, 80 in number of this Adhikamasa must be 
algo taken into account to obtain the Ahargana. 


Comm. Easy. 


Verse 3,4. The Ahargana is to be computed (larger 
Ahargana) after taking into account an Adhimasa which 
has conspicuously occured but which is not obtained by 
computation or by rejecting an Adhikamasa which has 
nof occured but which is obtained by calculition. The 
Adhimasa-Sesha is to be increased or decreased by the 
Adhimasas of the Kalpa; the elapsed months from the 
beginning of the luni-Solar year are to be increased or 
decreased by unity and then the positions of the Sun and 
the Moon are to be computed from such an Adhimasa-Sesha 
and such an Avama-Sesha. 


Comm, Already explained. 


Verse 5, A point to be noted with respect to the 
S'uddhi. | 


Iu the case of obtaining the Suddhi, if an Adhikamisa 
which did not actually ooour,.is obtained by caloulation, 
then the S'addhi is to be inoreased by 30, so that: the 
Ahargans is not affected by the un-ooouring Adhikamasa. 


Comm. The computation of the Adhikamasas or inter- 
calary months proceeds under the consideration of mean 
lengths. So, it is likely that an Adhikamisa may occur 
un-warranted by calculation or may not occur in spite of 
its being shown by calculation. Further, an Adhikamasa 
may be delayed in occurence by the fact that though the 
luni-Solar reckoning has gained over the solar by one 
mean lunation, the lunation at that point may still con- 
tain a Samkranti, the preceding particular lunar month 
being smaller in length than the mean, Thus the conven- 
tion made with respect to the occurence of an adhikamasa, 
namely that the lunation which does not carry a Samkranti 
is to be construed as an adhikamasa, may also delay the 
occurence of the Adhikamasa, though shown in calculation. 
Similarly an Adhikamasa may be preponed though not 
warranted by computation by the same logic. 


Verse 6. The criteria of an Adhikamasa and a 
Kshayamása. 


A lunation which does not carry a Samkranti is an 
'Adhikamasa; whereas a lunation which carries two Sam- 
krantis is fo be taken as a Kshayamasa. The Kshaya- 
masa, occurs only in the course of the three lunar 
months named Kartica, Margasirsha and pausha and 
not during any other lunar month; when a Kshayamiása 
occurs, then during the course of that year there will be 
two Adhikamasis occuring on either side of the Kshaya- 


Comm. The institution of intercalation ‘has been 
explained to some extent under verse 10 of the Bhaganadh- 
We shall see some more particulars of intercalation 


T4 


1, Bhaskara has given that 1593300000 Adhika- 
msgs occur in a Kalpa of 4320000000: Solar years, which 
mcans that 15933 Adhikamasas occur in 43200 Solar years 
ie. 6311 Adhikamasas in 14400 solar months. Converting 


10 i 1 
dcin into a continued fraction, we have 2 + 1+ 


dodo: 5 2.1 
OF GF IFUL T+ 8+ 2° 
8 1 3 19 122 141 


३) 3° 8 7? 56657 Let us see what these convergents 


The successive convergents are 


19 
signify. (a) The convergent -y moans that on an average 


there are 7 Adhikamasas per 19 years. This ratio was 
adopted in the Romaka Siddhanta of Panchasiddhantika. 
It means that 19 X 12 — 228 Solar months are equal 
to 9235 lunations. The Metonic cycle described in 
modern astronomy is based upon this equivalence. The 
recurrence of Moon's phases in 19 years ie correspondence 
of the Moon’s phases or tithis with the dates of the 
English year and Meton's formula are based on this 
equivalence, Recurrence of phase mcans recurrence of the 
relative positions of the Sun and the Moon, which 
again means recurrence of the S'uddhi, for S'uddhi is no 
other than the interval between the New Moon and 
Samkrinti. In the next verse Bhaskara says that s 
Kshayamasa recurs after a lapse of either 19 years or 123 
years or 141 years. The numerators of the last three 
convergents are 19, 122 and 141 which are the numbers of 
Solar years that effect recurrence of the same S'uddbi and 
as is going to be mentioned shortly a S'uddhi of 21 tithig 
is likely to bring in a Kshayamasa, Hence a Kshayamasa 
recurs either in 19 years or 121 years or 141 years. 


29. Mention of the occurence of a Kshayamasa was 
made by Sripati first and not by the preceding astro. 
nomers. However, mention of it is there in the 
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literature and it is not clear whether observance of this 
‘Kshayamasa - was defunct for some centuries in between. 


9, We shall now proceed to see how there occur two 
Adhikamasas on either side of a Kshayamasa. A simple 
argument is as follows. The convergents cited above 
namely Tor m or LA signify that either 7 or 45 or 62 
Adhikamisas are to occur in the course of 19 or 122 or 141 
Solar years normally. But when the S'addhi happens to 
be 21 days at the beginning of the Solar year, it so haspans 
that the S'addhi goes on increasing for the first fiva 
months because the Sun is in his apogea when his 
longitude is 78°, and his motion being slow for three 
months when he is on either side of his apogee, the 
Moon gains over him in shorter intervals of time and as 
a consequence the lanations are of shorter duration. This 
means that the S'uddhi goes on increasing during those 
months and rapidly increases from its valus 21 at the 
beginning to 30 by about Bhadrapalda month. Uader 
these circumstances, a Samkramana ocours generally just 
before the beginning of Bhadrapals, Ths next Simkra- 
mana happens just a little after the lapse of Bhadrapada, 
so that the month of Bhadrapada goes without a Samra" 
«mana and as a consequence, it becom3s an Adhikam isa. 
Thus far it is alright that an Adhikamasa has occured 
as per the meaning of the convergents. But when the 
‘Bhadrapada thus becomes an Adhikamasa, the subsequent 
months from Kartica to Margasira, being of longer duration 
than the corresponding Solar months, the Sun having a 
quicker motion on either side of his perigee, there is every 
likelihood of a Solar month being contained between two 
conjunctions or New Moon days. In other words two 
Samkramanas occur either in Kartica or Margasira or 
‘Pausha, This means that as per the convention for the 
‘occurence of-a Khayarnisa, one of the aforesaid luaations 
‘must become a Kshayamasa, Thus the Ádhikamisa which 
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.is due to occur during the course of the year, though it 
has occured has been lost. So, to make amends, another 
Adhikamasa is to occur as is warranted by the convergents 
gited above. It might be asked what if two Adhikamasas 
occur and why a Kshayamasa be instituted at all. The 
reason is not that a religious convention warrants it 
but because the wedding of the luni-Solar year to the 
‘Solar year has to be made on a particular principle. Nor- 
mally, so long as a Samkramana goes on occuring during 
the course of a lunation, the two systems of reckoning 
may be seen to be running parallel. But if a particular lunar 
month does not contain,a Samkramana it is to be taken 
as » warning that the luni-Solar reckoning has overtaken 
the Solar by one lunation. This lunar month has to be 
curtailed to make the two kinds of reckoning to proceed 
side by side. This convention naturally raised the qnes- 
tion as to how to deal with a lunation which contains two 
Samkrantis, The Solar month their has to be deleted to 
make the two systems run concurrently. This deletion of 
a Solar month is achieved not by declaring the particular 
Solar month as an Adhikamasa but what is virtually the 
same two lunar months are deemed to lapse during the 
course of that solar month. This kind convention helped 
the occurrence of one Adhikamasa alone as scheduled be- 
cause one of the two Adhikamasas has been nullified by 
the convention of a Kshayamasa. 


Why the proposition that a Kshayamasa generally 
occurs when the S'uddhi at the beginning of the Solar year 
happens to be 21 tithis is quite evident because in such & 
case generally Bhadrapada becomes an Adhikamasa, which 
again entails the occurence of two Samkramanas during the 
course of one of the three lunations beginning with 
.Kartica, which happen to be longer than the corresponding 
Solar months. In other words a Kshayamasa is ( 

„to occur only when Bhadrapada happens to be an 
māsa, and this in turns happens only when .... wuss 
| to be 21 at the beginning of the Solar year, Adhi- 
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kamasas do occur when the S'addhi happens to be more 
than 21, but in this case one of the months prior to Bhadra- 
pada happens to be an Adhikamasa and then by the time 
‘Kartica is reached, the Samkramaga occurs not at the 
beginning of Kartica but a little later, which means that a 
second Samkramana could not occur before the lapse. of 
that lunation. This therefore will not be a Kshaya month. 


The Suddhi which is defined as the number of tithis in 
between a New-Moon and a Samkramana, is clearly the in- 
terval which has been gained by the luai-Solar system over 
the Solar. This Suddhi increases at the average rate of 
11 days, 8 ghatis, 52 palas and 30 Vipalas per an year as 
we have seen already. For the occurrence of an Adhika- 
masa during the course of an year the Suddhi at the begin- 
ning of the year must be such that it accrues to a lunation 
during the course of the year. The apogee of the Sun being 
almost stationary having a very slow motion the lengths of 
the Solar months do not vary appreciably for a good number 
of years, Taking that the Sun’s apogee is roughly at 80° 
longitude (78° according to Hindu Astronomy) the Sun's 
motion is less than his average from the moment when he 
has 350° longitude upto the moment when he has 170°, so 
that the Moon gains rapidly over him during this period. 
In other words the lunations daring this period are of 
shorter duration i.e. the luni-Solar months of chaitra upto 
Sravana will be shorter in length so that S'uddhi increases 
rapidly from March upto August. Thereafter it will attain 
a stationary value just for a little time and then ‘decreases 
for the next six months upto February. The increase, 
however, far exceeds the decrease and the balance of in- 
crease per year is as mentioned above is 11-3-62-30. 


Bhàskara mentions in the course of the commentary 
that (1) the average length of a lunation is 29 days, 81 
ghatis and 60 palas; (2) the average length of a Solar 
month is 80-26-17 (3) when the daily motion of the Sun 
happens to be 61", then the Solar month will have ७ length 
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of 29-80 and as such falls short of a lunation and (4) that 
the minimum length of a Solar month is 29-20-40 only. 
Then he gives a general and broad explanation as to how a 
Kshayamāsa occurs on the following lines. Let us call NS 
as the interval between a New Moon and the subsequent 
Samkranti. In other words it is the S'uddhi. Suppose 
Bhadrapala goes without a Samkranoti thus becoming an 
Adhikamasa. Then in Aswayuja NS will have a small 
value, because the Samkranti S which should have occured 
at the general rate of one per a lunation, has not occured 
before the lapse of Bhadrapada and being belated a little 
must have occured close on the heels of the New Moon of 
Bhadrapada. Let this interval NS have a particular value 
say x. Thereafter the Solar months grow gradually smaller 
i.e. the Samkrantis occur earlier; so in Kàrtioa the value 
of NS decreases. It might decrease to such an extent that 
the next Samkranti might occur before the next New Moon. 
Suppose this does not happen in Kirtica; then in Marga- 
sira the value of this NS is still smaller and there is & 
greater likelihood of another Samkranti occuring during this 
Margasira. Then the value of NS being the smallest in 
the month of Pausha, another Samkranti is bound to take 
place during this month at the latest. In other words 8 
now occurs before the next N i.e. the Samkranti occurs just 
a little before the next New Moon. Let now this SN be a 
small quantity say y; or what is the same the next NS or 
the S'uddhi will be nearly a lunation. There after the 
Solar months begin to gain in length i.e. S occurs later and 
later. This means NS gainsin length. Being nearly of 
a length equal to & lunation, and now gradually increasing 
it is bound to exceed a lunation shortly thereafter, This 
again means that S occurs later than the next New Moon, 
which is to say that’ one more lunation goes without a 
Samkranti. Thus it is that another Adhikamasa. occurs 
shortly after the occurence of a’ Kshayamisa. Hence in 
the course of one year there occur two Adhikamiasas and 

Kshayamasa which means again that the balance of an 
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Adhikamasa is there in that year. In other words, the 
occurence of a Kshayamasa during the course of an year 
as per a stipulated convention does not preclude the average 
*occurence of an Adhikamisa which is normally due after 
an average lapse of 32$ Solar months. That the occurence 
of a Kshayamasa entails the occurrence of two Adhikamasaa 
on either side may be also seen in another way. ‘Twelve 
lunations put together have a length of 3543 days approxi- 
mately during the course of which only eleven Samkrantis 
could occur in case the initial Suddhi is 21 days, for, sub- 
tracting this 21 from 3543, there remain 3334 days only 
which could contain only ten Solar months and not eleven, 
Ten Solar months are contained if there be only eleven 
Samkrantis. Out of these eleven, two are consumed in a 
single lunation which happens to be a Kshayamasa, Hence 
the remaining eleven lunations have fo contain only nine 
Samkrintis which means that two lunations have to go 
without Samkrantis. In other words there are to be two 
Adhikamdsas during that year. Farther both these Adhi- 
kamasis could not occur on one side of the Kshayamasa 
for the following reason. Since a Kshayamasa could occur 
only during the course of Kartica or Margasirsha or 
Pansha which alone are longer than the corresponding solar 
months, in the event of both the Adhikamasas taking their 
place on one side of these months, they are to take place in 
nine lunations which are on one side of the three months 
beginning with Kartioa. This means that only seven 
Samkrantis are to occur during the course of 9 X 294 days 
= 265% days. Even seven Solar months fall short of this 
period so that it is impossible that only seven Samkrantis 
should occur in this period, Hence, the two Adhikamasas 
which are to occur during the year containing a Kshaya- 
māsa have to take their place on either side of the Kshaya- 
mass | 
Bhaskara mentions that when the daily motion of the 
Sun equals 61’, the length of the Solar month will be २8९2 
= 99-80 approximately. He also states that the minimum 
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length of a Solar month will be 29-20-40. This will be so 
when the average daily motion during the course of a 
month is 61-20-30. 


¢ 


Verse 7. A mention of the years past and future that 
had and will have Kshayamasas. 


A Kshayamasa occured in the Saka year 974 and will 
occur in the years 1115, 1256, 1378. Thus generally it 
occurs once in 141 years or even 19 years. 


Comm. We have seen before that according to the 
convergents given above a Kshayamasa generally occurs in 
19 years or 122 years or 141 years. In the course of the 
commentary Bhaskara says “19 years before or after” so that 
141—19--122 years was also meant by him. He gives how 
in the course of 141 years or 19 years the S'uddhi at the be- 
ginning of the year happens to be approximately 21 days. 
In this behalf, he invokes his formulation of the Adhika- 
masas in the verse 6 under Pratyabdasuddhi. As per that 
formula the number of Adhikama3as in 19 years will be 
7-13-37-30 taken by Bhaskara as 7-13-40. In other words 
the S'uddhi increases by 13 ghatis and 33 palas from what 
it was 19 years ago; thus practically the value of the 
S'uddhi recurs in periods of 19 years which means that if a 
Kshayamasa occurred this year, there is a likelihood of its 
recurrence after nineteen years. Of course the recurrence 
would not be certain because there is an excess of 13 ghatis 
S'addhi which might preclude its occurrence. Similarly in 
122 years and 141 years the numbers of Adhikamdsas would 
be respectively 45 minus 7-15 ghatis and 52 plus 6 ghatis. 
22 paras and 30 Vipalas, the latter being taken by Bhaskara 
to be 52 Adhikamāsās plus 6 ghatis and 20 palas. Thus 
Kshayamasas are more and still more likely to recur in 
intervals of 122 years and 141 years respectively, the 
S'uddhis at the beginning of the year almost recurring and 
assuming the original value of 21 days for a Kshayamasa 
fo occur. 
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`: Bhaskara adds-that a Kshayamasa occured in 974 S'ake 
i.e, 62 years before his birth which knowledge he must-have 
derived from hearsay or even by calculation. Her then 
predicted its recurrence in the Saka years 1115, 1256 and 
1378 which were at intervals of 141 years, 141 years and 
122 years respectively. In the year 974 Saka i.e, 4153 
Kali year, applying the above formula. Dwidhabdah the 
number of Adhikamasas elapsed from the beginning of the 
Kali were 1531-21-12-52-30 i.e. the S'uddhi at tbe begin- 
ning of that year was 21-12-52-30. This naturally entailed 
the occurence of a Kshayamasa. Thereafter during the 
years 1115, 1256 and 1378, the S'uddhis in the beginning of 
the years should be as per the above analysis 21-12-52-30 
plus 68-22-3U i.e, 21-19-15; 21-25-31-30 and 21-28-37-30 
and 41-18-23 respectively so that Bhaskars could forecast 
the occurrence of the Kshayamasás in those years also. In 
this context it is worth-noting that Ganes’a notified in a 
verse tbat Kshayamasas would recur in the years 1462, 
1603, 1744, 1885, 2167, 2232, 2373, 2392, 2524, 2533, 3655, 
2674, 2196, 2815 according to Sürya Siddhanta and accord- 
ing to Aryabhtiya during the years 1482, 1793, 1904, 2129, 
4186, 2251. These years also may be verified by computing 
the S'uddhis as said before and also with respect to Arya- 
bhatiya according to which the number of Adhimasas 
during a yuga differs by a little and as such effects a differ- 
énce in the sequence of the Kshayamasa years. 


Verse 8. Tell me, how, when and in the course of 
how many years do two Adhikamasas occur as mentioned 
by the Rishis? Questioned accordingly by an expert in 
questioning, if a mathematician could know the answer, I 
would reckon him as no other than Bhiskars (either the 
Sun-god or he himself i.e. Bhaskaracharya) who could make 
the lotus-buds of mathematicians blossom. 


Comm. Probably taking up this challenge alone 
Ganes’a answered the question and gave the years cited 
above which should bring in a recurrence of Kshayamasas, 

11 
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N.B. . If does not suffice merely to compute, the S'uddhis 
alone in the beginning of the years but a rigorous compu- 
tation necessitates the calculation of the moments of New 
Moons and Samkr4ntis also during the particular years as 
well, in as much as, the motion of the Moon also comes in- 
to the picture and it differs from month to month on 
account of the rapid motion of his apogee. 


Here ends the section named Adhimasadi-nirnays. 


THE SECTION BHÜ-PARIDHI-MANADIKA- 
CIRCUMFERENCE OF THE EARTH 


Versel. The circumference of the earth's globe is 
4967 yojanas; its diameter 1581. A yojana is equal to 
dx350 
7 where 860 is the difference in the latitudes of two 
places on the same terrestrial meridian in degrees, O the 
circumference of the earth’s globe given above and d the 
distance between the two places. 


Comm. The second half of the verse gives the method 
of computing the circumference of the earth’s globe, which 
is mathematically correct; for, by the rule of three “If by 
a difference of 90° in latitude we have + C, what shall we 
have for 1° difference in latitude?” The answer is = 
Again “ If by distance of d between two places on the same 
meridian, we have a difference of 6¢° in latitude, what 
shall we have for 1° difference in latitude?’ The answer 


is —. Both the answers must be the same; so equating 


dd 


h C 


C d 
— = — = number of yojanas = 
them, we have 360 ^ Sd yojanas X 


x d=, © d x 850 

say. Hence one yojana = y + B60 = Ox Y 

N.B. Here it must be noted that a yojana's length is 

derived from the number of yojanas contained in the 
circumference as reported in the Agama. 


In the course of the commentary under this verse, 
Bhaskara explains why he had recourse to this kind of 
definition, which is based apon agama and as such- does 
not contain a proof. He says that in as much as the defi- 
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nition of a yojana was given basing ultimately on the units 
of Angulas and yavas (grains of paddy) differently by differ- 
ent authorities, and in as much as the circumference of 
the earth’s globe was more or less unanimously accepted 
he has chosen to define a yojana on the accepted measure 
of the circumference. In some other place Bhaskara says 
‘that a yojana is equal to 4 Krosas, where the word Krósa 
etymologically means that distance through which the 
topmost voice of a healthy person could be heard by 
another healthy person having good audition. 


' In this context it may be recalled how S'ripati defined 
a yojana under verses 69, 70 Madhyamadhydya of his Sid- 
dhànta Sekhara, ‘‘ The minute speck of dust that is seen 
flying in the light of the Sun's rays entering a house 
through the windows, is called a paramagu (not an atom aa 
is being translated now), Eight such paramanus equal 
one Renu. Hight Renus equal the breadth of the end of a 
hair known as Valagra or Kaccha-mukha or yüka. Eight 
Valagras equal one Liksha; Eight Likshads equal one Yava; 
eight Yavas equal one Ángulà; twelve Angulas make what is 
called a Vitasti (i.e, the expanded length of a palm of the 
tallest person). Two Vitastis equal one Hasta. Four bas- 
tas make one Chapa. Two thousand Chapas make one 
Krosa and four Krosas are reported to be equal to a yojana 
by Astronomers ”’ 


Verse 2, Rectification of the circumference .ie. find 
ing the length of the circumference of the earth parallel to 
‘the terrestria] equator and passing through the locality in 
question. Also the definition of the primary meridian 


The equatorial circumference of the earth multiplied 
by cos @ and divided by R or multiplied by 12 and divided 
by the hypotenuse of the right angled triangle formed by 
the gnomon and the equinoctial midday shadow thereof 
(Hereafter called equinoctial hypotenuse) gives the ciroum- 
ference of the earth parallel to the equator and passing 
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through the locality (hereafter called the rectified 
ference), Also the primary terrestrial meridian is that 
longitudinal line passing through the places (1) Lanka (2) 
Ujjain (3) Kurukshetra and (4) the north pole. | 


Comm. (Ref. fig. 4) Let ABC be the terrestrial Equa- 
tor, and QST be a circle paralle! to this terrestrial equator 
and passing through the locality S. This QST is called the 
rectified circumference of the earth at the place S. The 
terrestrial equator is defined as follows, It is known that 
the earth rotates about herself about the axis P, P, where 
P, P, is called the polar axis or Dhruvayashti. In other 
words the entire heavens appear to revolve round thé earth 
in such a way that any star will appear fo be revolving in 
& circle called its diurnal circle which is parallel to 
circle ABC. The points P, and P, are called the north. 
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south pole respectively. These two points evidently do 
not move, fhough the earth is herself rotating in the 
clockwise direction. If O be the centre of the earth, OP, 
produced meets the skies at a point called the north celes- 
tial pole and OP, produced meets the skies in the point 
called the south pole. It so happens that the north celes- 
tial pole is very near a star which is called the pole star. 
This star is known as the Dhruva-Tara in as much as it does 
not appear to move at all while all the heavens (i.e. all the 
stars of the sky) appear to be revolving round the earth 
rising and setting as seen at any place. (The word Dhruva 
means fixed). Aryabhafacharya mentioned in so many 
words that it is the earth that really rotates and so the 
stars which are themselves fixed appear to be going round 
the earth in circles parallel to the circle ABC. aaa 


n (Explained under verse 7 Bhagapadhyaya). The 
celestial Equator is the great circle which is the circle 
of intersection of a plane perpendicular to the polar axis 
and passing through the earth’s centre with the celestial 
sphere (celestial sphere is the sphere-like surface which shape 
the Sky takes and on which the stars and the planets appear 
to be studded.) Similarly the terrestrial equator ABC is 
the circle of intersection of the earth’s globe with the same 
plane. Thus the terrestrial and the celestial equators are 
concentric coplanar circles with the earth’s centre as the 
common centre. A great circle of a sphere is a circle whose 
plane passes through its centre. Thus ABO is a great circle 
on the earth's surface, because its plane passes through the 
earth’s centre. Similarly the celestial equator is a great 
circle of the skies. The circle QST is called a small circle, 
just as the diurnal circle traced by any star in its diurnal 
rotation is also a small circle parallel to the celestial equa- 
tor. Thus small circles, an infinity of them can be drawn 
parallel to the terrestrial equator ABC and they will be in 
decreasing dimension as we proceed towards the pole. 


Hence the Sphutaparidhi or the reotified circumference 


8T. 


QST at the locality 8 is a small circle whose circumference 
is smaller than that of ABC. The problem is now fo find 


t . a T 1 र्ण t ST 4 ^ d 
ethe length of this circle QST. Evidently nS = IRR 


= = where r and R are respectively the radii of the two 


circles. But = Cosg from the triangle OSO', where 


rd; = 


O,80 = SOA = latitude of the place S. QST — 
ABO x Cosg = ABO e Cos ó I 


the Hindu cosine of @ known as lambajyà and stands for 
OS, = O8 = r. This làmbajyà is also called Dyujya if 
the small circle is the diurnal circle of à Star. The diurnal 
circle of a Star is called Dyujya-Vritta and its radius is 
called Dyujya-Equation I proves the first statement of the 


Z 


Fig. 5 


verse, In fig. 5 Gn N is called the fundamental gnomonio 
triangle where Gn is the vertical gnomon pointing to the 
Zenith Z of the celestia] sphere and is considered to be of 
12 units (Angulas as they are called), GN the midday- 
shadow of the gnomon oast on an equinoctial day when the 
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Stn is af the point Q where Q is the point of intersection 
of the celestial equator with the meridian of the place. If 
the equinoctial shadow be denoted by 's' and the hypo- 
tenuse of the triangle nGN namely nN be denoted by K 
(called the Vishuvatkarna or the equinoctial hypotenuse) 


then = = Sin @ andi? = Cosg. If H Sin ¢ be the 


K 
Hindu sine of @ called the Akshajya H Sing = R Sin à 
s. H'Sing 12 _ HOosg _ Lambajya 
ho bab p MK R Tnjyà ' 


Substituting for H Coe g the value A in equation I 
above, we have 

| QST = Sphuta - paridhi = DULL paridhi X 12 
which proves the second statement given in the verse, 


II 


Regarding the third statement, which defines the Bhu- 
Madhya-Rekha (In modern text books of geography the 
terrestrial equator is spoken of as the Bhu- Madhya-Rekha, 
The terrestrial equator is called Niraksha-Rekha in Hindu 
Astronomy which means the circle of Zero-latitude), it is 
the primary meridian taken by Hindu Astronomers. In 
modern astronomy the primary meriodian is taken as the 
Greenwich meridian. Bhaskara has given four places locat- 
ed on the Hindu primary meridian, but, Sripati gives many 
more places located on this primary meridian under verse 
96 Madhyamadhyàya namely (1) Lanka (2) Kanyakumari 
(3) Kanchi (4) Pannata (5) the six-faced white mountain 
(6) Sri-Valma-gulmam (7) Mahishmatr (8) Ujjain (9) An 
Asrama (10) Pattasiva, a town (11) Sri Gargarana (12) 
Sthanviswara known also as purohita (18) S'ttagiri and (14) 
Sumeru. Some of these places cannot be properly identi- 
fied but the following remarks may be made (a) Pannata is 
one of the fifty-six small countries into which India was 
divided in ancient times aceording to the puranio literature 
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(b) It is not clear what places are indicated by (5) and (6) 
cited above (c) In some works Mahishmatr and Ujjain are 
used synonymously. (8) is not clear, Regarding (9) there 
is one pattasiva near Rajahmundry but S'ri pati does not 
seem to have meant it. Again (10) is not clear, Regard- 
ing (11) it is to be noted that the place is now pronounced 
(probably mis-pronounced) as Sthaneswara. If (12) means 
the Himalaya mountain, there is not much meaning to say. 
that it lies on the primary meridian; only a cross-section 
of it could lie there upon. The entire mountain extends 
from west to East over more than a thousand miles. 


Verse 8. To find the correction known as Desintara, 


The distance between two places on the same latitude 
multiplied by the daily motion of a planet and divided by 
fhe rectified circumference is a correction subtractive in 
the east and additive in the west of the primary meridian 
in the planetary position obtained. 


Comm. In Hindu Astronomy the mean planetary 
positions are first calculated for the Sua-rise at the primary 
meridian. Now suppose a place lies to the east of this meri- 
dian. Then the Sun-rise at the place happens to occur 
earlier than on the primary meridian. Hence the correc- 
gion in the mean computed position of the planet is nega- 
tive if the position were to ba calculated for the local Sua- 
rise, If the place happens to bə on the western side of the 
primary meridian the reverse holds good i.e. the correction 
is to be additive. The amount of tha correction is the 
amount of the motion of the planet in between the two 
Sun-rises. Let the planet move an aro equal to Om per day 
ie. it moves Om when the earth rotates once about her 
axis. The time between the two Sun-rises above is the 
time by which the local meridian is carried through the 
distance between the locality and the primary meridian’s 
point of inter-section with the latitudinal line or whab 
is the same through the are of the rectified circumfer- 
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enoe of the earth pertaining to the looslity, If d be this 

distance then the rule of three to bs» used is “If the 

length of the rectified circumference viz. O rotates by the 

fime the planes moves a distance Om, what is the aro 

traversed through by the planet ifan aro ‘d’ of C rotates 

d v pu 
Q 


ठ which is the cor- 


through?” The answer is 
rection required, 


Verses 4, 5,6. The Correction Desàntara expressed 
in time. 

The eclipse of the Moon occurs at a place situated on 
fhe east of the primary meridian later than on the primary 
meridian and vice versa. Tne time in between the two 
moments is the Desántara expressed in time. The distance 
of Desantara ie. the distance of the locality from the pri- 
mary meridian measured along a parallel to tae terrestrial 
equator or Niraksha Rekha is obtained by maltiplying the 
rectified circumference by the Desautara measured as above 
in ghatis and dividing by 60. Also the above tima in 
ghatis multiplied by the planets’ daily motion and divided 
by 60, gives the correction in arc in the computed mean 
planetary motion. 


Further the week-day begins after or before the local 
Suu-rise by that Des'dntara expressed in time according as 
the locality is on the east or west of the primary meridian, 
Also the week-day begins after or before the local Sunrise 
by the gbatis of the correction known as chara according 
as the Sun is in the northern or Southern hemisphere. 


Comm, An eclipse is first computed for the primary 
meridian, If an observer wants to know whether he lies 
east or west of the primary meridian and to know the 
De:üntara correction in time, the following procedure is to 
be adopted. Leta lunar eclipse begin x ghatis after the 
Sun-rise of the primary meridian, Let the observer note 
the time y ghatis which have elapsed after Sun-rise at hig 
own place when the eclipse begins, Since a lunar 
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begins simultaneously for any place of the earth, if y > x, 
then he should know tbat he lies on the east of the primary 
meridian because his Sun-rise happens to be earlier than 
the Sun-rise on the primary meridian. Also the difference 
y—x gives the Desantara correction in time for his place. 
The converse is the case if he happens to lie on the western 
side of the primary meridian. The time at which the 
eclipse takes place on the primary meridian after the Sun- 
rise there which is obtained by computation is called Drik- 
grahana - Kala; whereas the local time after Sun-rise 
observed by the observer is called pragrahana-Kala. Their 
difference is therefore the Desantara correction in time. 
TXO 

If the Desantara is to be got in yojanas, ^60 is the 
answer, Where T—y —x and C is the rectified circumference - 
of the earth, for, if a difference of 60 ghaiis ba there for C 
yojanas, what should be the distance in yojanas in order 
that the difference is T"? The answer is as given above. 


Henee to obtain the positions of the Sun and the 
Moon at the beginning of the eclipse at the locality we 


TXSm 
6 en where 


have to add or subsract as the case may be 


Om is the daily motion of the Sun or the Moon, and T is 
4—x cited above, for, “If in 60 ghatis the motion ba 8m, 
what would it be in T? " is the rule of three for which the 
answer is as stated above. 


Now the question is when the week-day begins for the 
locality. It must be noted clearly, that in Hinda Astro- 
nomy the moment of Sun-rise at the primary meridian 
alone is to be reckoned as the beginning of the week-day 
universally. ‘This convention is alopted for convenience, 
Thus the astronomical week day for any locality does not 
-hegin from the Sun-rise of the locality, bus may begin 
earlier or later. This difference is given by y — x cited 
above. 
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There is yet another subtlety in the commencement 
of the week-day, arising out of the latitude of the place. 
The former analysis pertains to the longitudinal difference. | 
The difference arising out of latitude between the local 
Sun-rise and the Lanka-Sun-rise is given by what is called 
Chara-Kala. Since the week-day begins at Lanka Sun-rise 
and the local Sun-rise differs from the Lanka Sun-rise not 
merely by a longitudinal difference but also by a latitudi- 
nal difference, to compute the actual beginning of the 
week-day before or after the local Sun-rise, we have to take 
into account both the differences cited above. In other 
words, computing the local Sun-rise and also the Lanka 
Sun-rise, we have to decide the beginning of the week-day 
before or after the local Sun-rise. 


Verses 7,8. The correction called Bijakarma for the 
planetary positions. 


The number of years from the beginning of the Kalpa 
divided by 12000, the remainder, or the difference of the 
divisor and the remainder whichever is less is to be divided 
by 200, The quotient in minutes of arc, multiplied by 
3, 5, 5, 15, 2 respectively is a negative correction in the 
positions of the Sun, Moon, Jupiter, Venus, and the Junar 
apogee and multiplied by 1, 52, 2 and 4 gives the positive 
ecrrection in the positions of Mars, Mercury, the luna: 
Node and the Saturn respectively. 


Comm. By the phrase ‘The remainder or the diffe- 
rence of the remainder and the divisor ’, it is plain that the 
corrections positive or negative increase for 6000 years and 
decrease for the next 6000 years. Bhaskara gives no reason 
for these corrections, but, we have to construa these correc- 
tions on the followfng rational grounds. Bhaskara, 
however, says that the corrections were accepted by him on 
the basis of Agama, This Agama—stipulation was there 
in Brahma-Sphuta-Siddhànta and was later incorporated 
by Sripati also in his Siddhanta-S’ekhara and as such was 


98 


accepted by Bhaskara also. However, in Brahma Sohuta 
Siddhàata both as first published as an edition of M. M. 
Sulhakara Dwivedi and later by the late Ramaswarupa 
Sarma in 1966, the verses 59, 60 of Madbyamadhikara 
suggest that the corrections are negative in the case of all 
the planets; whereas both S'ripati and Bhaiskara mike them 
positive in ths case of the latter four viz. Mars, Meroury, 
the lunar Node and Saturn. By this we have to construe 


that Sripati and Bhaskara must have had before them a 
text which should have real ‘ zq’ in the place of ' sr? in the 
last pada of verse 61. M. M. Sadhakara-Dwivedi did not 
notice this anomaly of the positiveness of the correction 
with respect to the latter four, but he remarked, however, 
that there was a prosodial lapse in the last pida of verse 
61, for which he offered a suggestion that instead of चेर, 
we had better real ¥2:—This suggestion, no doubt, reo- 
tifies the prosody of the verse, but not the the anomaly 
cited above which was not noticed by M. M. Sudbakars 
Dwivedi. So, we have offered our own suggestion namely 
that in the place of च as mentioned above if we read स्त, 
we not only rectify the prosodial error but also the anomaly 
referred to. liimaswarupa Sarma noted the anomaly but 
did neither refer to the prosodial error nor offer a correo- 
tion. It seems that Ramaswarupa Sarma did not verify 
the corrections stipulated from the verses 91, 92, 93 of 
Madhyamadhyaya of Siddhanta S'ekhara. In this latter 
work, there is another anomaly namely that in the case of 
Mercury, the number 62 is the multiplier and not 53. 
Makkibhatta, the ancient commentator had before him a 
text which read 62 in the plasa of 52, in all probability, a 
mistake of the scribe. M. M. Sudhakara Dwivedi is repor- 
ted to have later pronounced that 52 must be the correo 
figure when this was brought to his notice as this number 
52 was found both in Brahmagupta and Bhaskara. As re- 
ported by the editor of Siddhànta S'ekhara Pandit Babuaji 
Mishra, who mentions this latter pronouncement of Sudha- 
kara Dwivedi his teacher, also says that Sudhikara Dwi- 
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vedi suggested the reading fate in the place of fire of 
verse 93 of Siddhanta S'ekhara, The fact that Makkibhatta 
gommented Rasy as tuus shows that ha did 
not consuli Brahmasphuta Siddhānta in this place; also, 
he must have had a manuscripi before him whigh seribed 
fata in the place of iaag. Using gt % स, indiscrately 
is not uncommon in many books of North India, froma 
long time and the scribe of the manuscript probably having 
used स in the place of gt? and then by an oversight a 
latter scribe having inverted सर as ta, Makkibhstta must 
have commented like that. 


Incidentally a remark may be mide here about Makki- 
bhatta. He was evidently a keralite because he used 1811978 
to signify numbers as was a common practice among the 
Kerala Astronomers, and as he also commented upon Bribad- 
Bhaskariya, Further, it is interesting to nots that he 
wrote in his commentary under verse 39 of the Siuhana- 
dhyàya of Siddhanta S'ekhara viz. “ भभ्रमोव्य फरमण्डलान्तरं 
सावनानि कुदिवानि तानिवा ”, “ भू भः प्राङघुखी wala” etc". This 
idea shows that he accepted Aryabhata's verse " agata गतिः 
etc " implying that the earth is rotating. 


Bhaskara says that the Bija correction mentioned was 
purely based on Agama and Upalabdhi (meaning authority 
and observation’), M. M. Sudhakara Dwivedi seems to 
have reiterated the same as reported by Babuaji Mishra, in 
afoot-note. Kamalàkara, condemned this Bijakarma as 
it was unwarranted and had no proof, 


A rational explanation as to why this Bija- Karma was 
prescribed either by Brahmagupta himself or some autho- 
rity which he seems to have accepted may be given as 
follows, The small differences in the numbers of sidereal 
revolutions or what is the same the minute differences in 
the accepted daily motions of the planets and the assump- 
tion of a conjunction of all the planets and planetary 
points at the beginning of Kalpa, which is*beyond proof 
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resulted in & difference between the computed planetary. 
positions and their observed positions, So, the originator 
oof this Bija-Samskara, noting the differences in his own 
time devised a formula, which could account for those 
differences. But this formulation was bound to go wrong in 
later times as long as the daily motions are not corrected 
to the minutest extent possible and as long as the funda- 
mental basis of the conjunction of all the planets and pla- 
netary points is not proved. This seems to be the reason 
why so may texts were written incorporating small diffe- 
rences in different times as reported by Ganéya (1507 A.D.) 
in his work Brihat-Tithi-Ohintàmani in the words “ The 
calculations of planetary positions according to the 
methods indicated by Brahma, Vasishtha and Kasyapa 
Siddhantas held good in their own times, but grew obsolete 
later; Then Maya, the demon at fhe end of Krita obtained 
the science from the Sun God, which again grew obsolete 
in this Kaliyuga wherein parásara began to hold the ground 
for a good length of time. Then Aryabhata rectified the 
methods; when even those methods grew obsolete, Durga- 
Simha, Varáha Mihira and others set them right. Again 
Brahmagupta came into the picture to rectify the methods 
by his own observations. Then Came Kés'ava (Gafies'a's 
father) who rectified further. After a lapse of sixty years, 
his son Ganesa has now to correct the Science, If this 
dlso grows obsolete (as it is bound to) in course of time, let 
others again rectify it by observing conjunctions of the 
Moon and planets with the asterisms.”’ 


Obsoleteness arises out of two contexts, one a justifi- 
able situation and the other based upon a wrong premise, 
The first is as follows. Suppose as a first approximation 
we take the length of an year as 365 days. We will have 
committed an error nearly i of & day, so that the error 
accures to a day in 4 years. Thus the convention of the 
leap year arose so that during four years we givea day. 
more to February. Here again we have overestimated the 
error by nearly zfoih of a day. Hence in 400 years the 
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above correction leads to an error of a day. So, it is 
that we pronounced that out of the years 90CO, 2100, 
2200, 2800 A.D., the year 2000 A.D. alone is a leap year. 
and not the remaining, the convention being that the 
number of the century, here 20, must be also a multiple 
of four, On this Lack-ground, suppose we prepare a 
manual called a Karana grantha taking the length of the 
year to be 865°26 days. It works alright for some time 
but in the course of 400 years the error will have reached 
to as much as one day. Thus a manual like the above 
works only for a short time and the approximation made 
gradually brings in a divergence on account of which such 
a manual grows obsolete. That is why one Narasimha who 
happened to prepare a manual in 1333 Saka year (1411AD) 
opens his work with the words “ तिथिचक्र acuta मल्लिका- 
jaako कालेन महता तस्मिन खिळ भूते तदादरात्‌, नोपुरीसिड्यायस्य 
नरस्तिहेनसचुना एतदेव स्फुटतरं Grag सौरसम्मतम्‌” ie. "In as much 
as a manual named Tithi-Cakra prepared by one Mallikar- 
juna Süri long ago, based upon the Süryasiddhanta has now 
diverged far from the Stiryasiddhadnta (on account of the 
approximations made transcending the limits of negligibi- 
lity) I, the son of one Singaya belonging to a place named 
Nau-puri (probably Vada-palle of the Hast Godavary Dt.) 
am rectifying it and bringing ib to accord with the Sürya 
Biddhánta again." 


This kind of obsoleteness arising out of inevitable ap- 
proximations that have to be made in the preparation of 
manuals is permissible. But Suppose the premise of the 
manuals itself is incorrect, then the rectification of the 
manuals is no good so long as the data given in the pre- 
mise are not corrected. There are two fundamental 
defects in the ancient works according to a modern analysis 
namely (1) The Supposition that ail the planets were in 
conjunction at the Zero-point of the Zodiac in the beginn- 
ing of a Mahayuga (2) Small variations in the constants 
like the daily motion of the planets and the like. Accord- 
ing to the modern interpreters of Hindu Astronomy the 
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frst premise was not correct, According to them, sors 
astronomers having observed the daily motions of the pla- 
, bets or what is the same the sidereal periods of the planets 
to a sufficiently good approximation calculated back or 
extrapolated a date on which these planets should have 
been in conjunction at the Zero-point of the Zodiac, The 
extra-polated date was naturally wrong to some extent be- 
cause the sidereal periods found could not but be correct 
only to a particular degree of approximation. Thus a little 
alteration in the number of sidereal revolutions alone or 
the number of days in à Mahayuga made to suit the obser- 
ved positions af a particular epoch would be only a tinker- 
ing of the problem and not a true solution. Thus Hindu 
Astronomy could be saved and its methods could still ba 
followed provided instead of trying to presume a date a5 
which all the planets were in conjunobion (No doubt in the 
long bosom of time, such a presumption also could not be 
ruled out) correctly observed positions of tha planets by the 
help of modern instruments were taken a3 the basis of aa 
epoch and thereafter using more correct valnes of the 
constants such as the sidereal revolutions, maximum eq'a- 
tions of centre and maximum S'izhraphala, obliquity of the 
ecliptic eto. The second defect cited above thus bring 
removed, aid the original premise baing changed, the 
methods of calculation still hold good and there would ba 
fio necessity to be going on with tinkerings of the problem, 


The Bija-correction whioh we are commenting upon 
was rightly criticised by Kamxlaxara as irrational though he 
bimself fanatically tried to uphold Sarya Siddhinta. Even 
today there are a good number of the tralitional Hindu 
Astronomers who do hold that the Sürya Siddhinta was 
revealed to Maya at tha end of Kritayuga in spite of the 
fact that scholars like M. M. Sudhakara Dwivedi pronoun- 
ced that it was an extra-polated work shortly aftar ths time 
of Brahma-Guptacharya. It is interesting to note that 
Eháskara, a very rational astronomer, had before bim 
the verse “' त्रिशत्इत्बो युगे भाता चक्कं arg परिडम्यते ” of the 
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Barya Siddhänta (verse 9 ch. 3). : He did not give it the 
interpretation that was later put upon it through the 
‘two, subsequent lines “agr: ftar” ete., which lines were 
not there evidently in Bhaskara’s time. Without these 
two latter lines the rate of precession was too stall to be 
accepted by Bhaskara and so he chose to follow Munjala 
rather than the Surya Siddhanta, Our Traditional astro- 
nomers today have no reservation to accept the greatness 
of Bhaskara and worship him though they do not question 
what necessity Bhaskara had to write another treatise and 
that too basing it upon the Agama accepted by Brahma- 
gupta and not Sarya Siddhanta, when there existed Sürya 
Siddhanta before him and from which he had no objection 
to quote verses like “ sz पाः काळस्य सूरयः”? etc. (verse I 
ch. 2.) 


The Bija-correction first incorporated by Brahma- 
gupta and later followed by a good number of astronomers 
because Sripati and Bhaskara accepted it, will not be accep- 
table to modern astronomers, though it might have worked 
well at the time of Brahmagupta and for some years later, 
The reason is that it is construed only asa tinkering of the 
defect as explained before. 


It is also to be noted tkat the originator of this Brja- 
correction did not make if secular i.e. valid for all time 
increasing Without a limit, for, then, the respective 
corrections transcend all limits and render the corrections 
meaningless. So, he said that the corrections would be 
increasing for 6000 years and thereafter begin to decrease 
to nothing. They were Zero at the beginning of the Kali 
because all the yugas are multiples of 12000 years. Also 
the maximum correction is in the case of Mercury 
S008 > 52=1560'=26°, Let us see how far this is justifi. 
able. The daily mean motion of Mercury as given by 
Bhaskara is 40-60 ~ 32" - 15" — 28"" whereas as per modern 
astronomy it is 4'—6'— 37$" approxly. So there is à posi- 
ive error of 6°23 which will accrue to 18'- 35" in 


99 


course of 200 years. But as per the Brjaroorreotion it 
should be 52’, Hence it is a fact thai there is a positive 
error but not so much as indicated. But it must be noted 
that Mercury’s orbit has the highest eccentricity of as 
much a3 .2, and the observer who stipulated the correction 
must have observed when M:rcury was near.-its. perihelion, 
where the error could have been as much as indicated and 
even more. Similarly on close analysis it could be proved 
that the Bija-correction should have been as indicated, 
say, roughly about 35300 Kali era, which might be roughly 
the date of its stipulation 
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Verses 9, 10. Concluding verses of the Madhyadhikdra, 


If the work is made more voluminous by describing 
various methods which are easy and interesting to un- 
intelligent people, learned men look down upon such a work 
as indulging-in unneeessary verbosity. Hence the volume 
of a work does not add to its greainess; So I have made my 
work neither voluminous nor brief-worded. The reason is 
that both the intelligent as well as the unintelligent people 
are to be enlightened. 


For the sake of clarity of exposition, different ingeni- 
ous methods being used in such a way that the work does 
not exceed the normal limits of the previous works, and in 
corporating a3 far as possible unit numerasors, fractions 
having oum:rators and denominators mutually prime, using 
methods of interpolation and reduction, miking use of 
different kinds of denominators and numerasors in many 
ways, this kind of treatment must bə given to a work of 
this nature by an intelligent man. 


Comm. Easy. 


Before we proceed to the next chapter, we shall add 
here tables of astronomical constants as given by diff-rent 
authorities, which will help eomparison and appreciation of 


the work, 
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SPASTADHIKARA — RECTIFICATION 
OF PLANETS 


Introduction, In the Bhaganadhyàya section of the 
previous chapter Bhaskara gave under the Caption Bhara- 
nopa patti his proofs as to how the ancient is might have 
obtained the number of sidereal revolutions of tha~planets 
and the planetary points called 8302885 or aphelia and 
Nodes, But in trying to give those proofs, he was aware 
and he confessed also in so many words thai some of his 
proofs at leas were obsessed by what is called Itaré‘a- 
risraya-Dosa ie. "answer begging the question’ It is 
worth-hearing his words in his commentary under verses 
1-6 of the section cited above —" That the planets, and the 
planetary points perform so many revolutions in & Kalpa, 
is essentially conveyed by the Agama i.e. the S'astra (which 
is to ba taken on faith). That Azama, got diversified i.e. 
there are many versions of thas Ssiencs, dua to tha defacts 
of scribes, the teachers and the students and du3 to a long 
lapse of time from the originators of the Agama, That 
being so, the question arises as to which of the versions is 
to ba trusted as the right authority. If it be said so, in 
mibhema:ios only an agama which could be proved also 
should b» taken as authority. Such a number of revola- 
tions as are obtained by proof, is to be accepted. Even 
that cou'd not be (a proof); for, a great 800087 could jast 
uadersíand the proof aid by that proof alona, it is not 
possible to know the exact number of revolutions {in a 
kalpa), for, a man’s longevity is not much, Ia the proof 
that could possibly be given, the planet's position is to be 
observed aad noted every day, during the entire course of 
its revolution. Thus Saturn Comoletes its sidereal re- 
volution in about 3) years. The apogee of the Sua aad the 
aphelia of the planets have their revolution’ running into 
hundreds of years. Hence the observation of one complete 
revolution (of such a planetary point) is bayond the oapa- 
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city of a mortal. Hence great astronomers accept such an 
agama as;would give results which accord with observations 
during their times, and such a one as was formerly accepted 


by a very. intelligent astronomer. Then they produce their 
own. works exhibiting their own Skill in the Science and 
refuting wrong notions of others. Their idea is ‘ Let the 
Agama we take as an authority be whatever it would be 
Let us show our own skill in the course of our work-'; just 
as in this work, the agama accepted by Brahmagupta is 
taken on faith as the authority. Then it might be argued 
“ Better not attempt at trying to prove how the numbers 
of sidereal revolutions were arrived at. Even if a proof be 
attempted, that proof would be obsessed by the ‘ Itaretara- 
srayadosa’ (cited above). Nevertheless we shall give-a 
‘brief proof, That 'itareétarisrayadoga ' is apparently a 
१658 i.e. an apparent defect; for, different proofs could 
not be adduced simultaneously. The proof will now be 
given”. ilb | | 


`. These words indicate that even such a highly rational 
and supremely intelligent astronomer like Bhaskara could 
not set aside his faith in our ágama and attempt at a pure 
and rigorous proof, which would not invoke the agama-Let 
us see where in his proof he does commit the so-called 
ibarétarasrayadosa and where he invokes the agama 
Also we shall try to construct a proof, of course to a good 
extent on the lines on which Bhaskara fries to give his 
proof, but at the same we shall not invoke the agama 
where he does, but try to proceed purely on a rational basis, 
We shall take up the proof under verse 18, 1n its appropriate 
context. We shall now proceed with the text upto that 
point, which. gives a. brief sketch of the Hindn $rigono- 
metry. - -- 
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Verse 1. In as much as true positions of the planets 
alone are required to decide auspicious moment; for 
journeys, marriages, celebrations pertaining to temples, 
astrology and the like, weshall now give the methods of 
rectifying the mean positions of the planets so as to accord 
with their observed positions. 


Comm. Clear. 


Verse 2-9. Obtaining the sines of the angles and 
tabulation of the sines. 


The planet deflected to the true position from the 
mean lies at the end of a half-chord (which is the Hindu 
sine of an angle) so that many processes pertaining to a 
planet are carried through Sines of angles; hence the 
word half-chord alone is connoted in this work wherever 
the word Jyà meaning a chord is used. 


The lengths of these half-chords (or the Hindu Sines) 
for angles increasing from 0° to 90° at intervals of 32° are 
as follows—225’, 449’, 671, 890, 1105, 1315, 1520, 1719, 
1910, 2098, 2267, 2431, 2585, 2728, 2859, 2977, 3084, 3177, 
3256, 3321, 3372, 3409, 3451, 3438. The ut-kramajyais or 
the Hindu versed-sines are respectively 7, 29, 66, 117, 182, 
261, 354, 461, 579, 710, 853, 1007, 1171, 1345, 1598, 1719, 
1918, 2123, 2333, 2548, 2767, 2989, 3213, 3438. 


The word Tribhajyà or Trijya is half-diameter. The 
word jya khandas used by pandits connote the differences 
between successive sines. 


Comm. There is a difference between modern trigono- 
metrical sines and the Hindu sines as detailed below (Ref, 


Fig. 6 


fig. 6 overleaf). Let (0) be a circle i.e. a circle with centre 
‘0’. Let AB be an arc called ‘Chapa’; let BO be drawn 
perpendicular on OA; then BO is half of the full chord 
BD (known as jya). The half-chord Ardha.jyà is itself 
spoken of as jyà for convenience and is the Hindu-sine of 
the arc or chips AB. In Hindu trigonometry ‘angle’ is 
connoted by the are corresponding to if and as such spoken 
of as chapa. OC is spoken of as the Hindu-cosine or Koti- 
*jya and CA is called the ut-kramajya or the Versed-sine. 
The radius 0 B is called trijyà and let us connote it by R, 
To differentiate between the modern terms and the Hindu 
terms, we use the words H. Sine, H. Cosine, H. vers-sine 
for the Hindu sine, the Hindu cosine and the Hindu vers- 
sine respectively. Also the radius R is generally taken to 
be 3438’ which, we know to be the approximately the 
minutes ina radian. ‘To talk of a length in minutes ar- 
pears rather odd but no confusion need be there, for, an aro 
of length R subtends 3438’ at the centre, It is called Trijya 
for the reason that it is the H.sine of 3 Rasis or 90°, 
A Rasi is equal to 30° because the ecliptic circle of 860° 
is divided into 12 Rasis Mesha, Vrishabha eto. meaning 
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Aries, Taurus etc. The names of the Rasis in Sanskrit 
and the modern English words we uss for them have the 
same meaning, which raised a suspicion in the minds of 
many orientalists that the Hindu Astronomy drew upon 
the Greek. Many scholars of India assert that the Greeks 
derived this knowledge from the ancient Hindus; but we 
shall not enter into the controversy here. It may be noted 
also that the Sanskrit names of week-days have the same 
meaning as Sunday, Monday etc. 


On the basis of taking trijya equal to 3438’, the other 
H.sines or half-chords are also expressed in minutes, 
Generally twenty-four H. Sines are given in a quadrant 
and to obtain the H. sine of an angle intermediate, a for- 
mula for interpolation also is given. Also the method of 
calculating the H. sines for every degree is given, a3 we shall 
gee shortly. In the table of 24 H. sines, the first is H. sine 
3°-45’ or H. sine 225’ and this is approximately taken 


^^ 
as 225’ because in fig. 6 if AOB=3°-45’, the H. sine BC 
wil be almost equal to the arc AB. The H. Vers-sines 
are also given to get the corresponding H. Cosines easily, 
for, H. Vers sine 30-46 = R— H. Cos 3°-45 = 7’ means 
H. Cosine 8?-45' —3431—H. sine (90°-33°) - Hy where we 
use the notation Hr to mean the rth H. Sine. 


Now we propose to give here some essential formulae 
used by the Hindu astronomers, as given in the goladhyaya 
by Bhaskara under the caption jyotpatti-krama. —Inciden- 
tally it may be noted that H. sine @=R sine Q where sine Q 
is the modern sine of the angle 9°. Similarly H. Cos Q—R 
Cos Q and H vers Q— R vers Q. Thus when we have an equ- 
ation of the type. Sin हे = Sin 6 Cos z + Cos ¢ sin z sina 
in modern astronomy arising out of the famous spherical 
triangle PZS where P is the Celestial Pole, Z the Zenith 
and S the position of the Sun or a Star, the Correspond- 
ing Hindu formula would be R*H Sin 8 = RH Sing 
H cos Z + H cos ġ H sin Z H sin & Occasionally the 
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radius is taken to be 120, and the corresponding H sines 
are called Laghu-jyas or simpler H sines used where great 
accuracy is not required. Sripati took the radius to be 
3270 units in addition to 120 as did Brahmagupta, Munjala 
took 488’ and some others some other values also. Out of 
these 8438’ alone has a right significance (Vatéswara took 
3272) 


Bhàskara says under verses 1 to 5 under Jyotpatti- 
Vasana in the Goladhyaya that the Hindu astronomers got 
the values of the main H sines of 30°, 45°, 60°, 18° and 36° 
by inscribing regular polygons in a circle. They are 
called the pancha-jyakas or the fundamental H sines. 
From these the others were calculated according to the 
methods given by Bhaskara as follows. 


To start with, we have the fundamental formula 
H sin?9-++H 608080 = R? (from fig-6) I 
In addition to this formula, Bhàskara gives another 
formula (verse 10, 11 Ibid) H Sin 0/2 
0 + H vers? 9 = 
In the commentary under the above verses, he has given 
the method by which II was obtained (Ref. fig. 7) BM = 


H sin Q where AOB = Q ; also AM = H vers Q and AB? 
AM? + MB’. Let N be the mid-point of AB 
= AN = Hsin 0/2 
H sin 0/2 = ३%७ = NAMM | 
= 4 v Hain’ Q + H vers @ which 
proves the first part of IT. Again from the right—angled 
triangle ABC, AB’ = AM- AC = H vers Q X 2R 


i "T assi PT i 


which proves the second part. 
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Fig. 7 


In the Commentary under verses 1—25 ibid, Bhaskara 
tells us how formulae I and II are used to construct the 
table of 24 H sines. To start with, the four H sines of 80°, 
45°, 60° and 90° which may be denoted by the symbol Hr 
where r=8, 12, 16 and 24, are known. Now using the 
formula II, H, is obtained from Hs, H, from H, and H. 
from H,. Similarly from H,,, H, and Hs are successively 
obtained, Now using formula I, Hy, Hy. घळ, Hi Hya are 
obtained respectively from H,, H,, H,, Hs and H, Now 
again from Hy, Hz, His, we obtain using formula II H,,, and 
Hs Hy, H, respectively. Formula I gives again Hj, Hy, His, 
H,, from the above. H,, gives H, and H, gives H, using 
formula II and I respectively. Thus the table is Completed. 


Then Bhaskara poses the problem as to how & table of 
the H sines could be computed when 8 quadrant is divided 
into 30 equal parts, He says that formula I and II do not 
suffice in this behalf and shows how they do not, as follows 
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in the same commentary cited above, To start with. the 
H sines of 18°, 30°, 36°, 45°, 54°. 60° are known They are 
respectively He, Hy, Hy, His, His, Hoo. Also Hy i.e. H sin 


"90 = R is also known. Formulas I and II will help us to 
derive, 


from Hs, H, and from H, H,,; also from H, we derive 
H 


From Hy, H; and from H,, Hy and again 
from H,,, H, and from H,, H,, are derived. 


The remaining H sines sixteen in number cannot be got 
from either of the formulae. 


To meet the situation Bhaskara gives other formulae 
of his own discovery as he says “ sagysa विशिष्टमस्मात ” 
i.e, " I shall tell something more than this. These formulae 
he gives in the verses 12 to 15. They are 


gin (902\ _ /E-RH8Sux 


sin x +H sin y)’ + (Hcosx—H oos y} IV 
e 2 


R — 2HSin x — H Sin (90 — 2x) VI 


These formulae correspond to the modern formulae 


E = z) - v. (Sin x + Sin y)? t (Cos x — Cos y) 


Cos x — Sin x) Sin (45 — x) 
2 


1—2 Sin? x = Cos 2x respectively 
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These formulae imply a knowledge of the expansion of 
Sin (x + y) which is given in verses 21, 22 in the form 
त H Sin x २0०81 eo H Cos x H Sin y 
The formula H Cos (x + y) is got from VII by putting 
90 — (x t y) for x ty. 


To construct the remaining sixteen H Sines Bhaskara 
directs us to use his formula IV wherein faking x = 37°, 
and y = 15°, we have H, which gives Hy. From Hy we 
have Hu, H, and H, from H,. Then His, H4 and Hs, are 
got from H,,, H,, and H, respectively. From Hj, again we 
have Hs, and H, which in turn give give Ha and Hy. Has 
gives Hj, which in turn gives His. . Hos similarly gives Hj 
which in turn gives H,,. Thus the table is complete. 


Verses 16 to 20. (Ibid. give us the method of con- 
structing the table of 90 H sines in a quadrant, through 
the formula H Sin (x +1)° = 


This formula is got evidently by interpolating from his 
knowledge of H Sin 3° and H Sin 3$'. He also gives 
that H Sin 5$ is more correctly equal to 224’, 51%. 
In the table of 24 H Sines, he gives the formula 


H,+, = Hr (1 = 3) + H Cos x, X 100 which could be 


1529 
similarly got by interpolation. 


The determination of H Sin (A+B) from H Sin A, 
H Sin B, H Cos A, H Cos B is called Samasa-Bhavana 
and that of HSin(A—B) is called Antara-Bhavana, 
whereas computation of H Sin 2A from HSin A and 
H Cos A is called Tulyabhavana. The word Vajrabhyasa 
is used for ‘ Cross-multiplication ' in this context. 


We shall now prove how the formula for H Sin (x+1)° 
led Bhaskara to arrive at the differential formula 
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8 (Sin x) = Cos x $x. Since H Sin (x+1)° = H Sin x + 
H Cos x X H Sin I? 
s R 


H Sin x° = H Oos x X 


approximately, H Sin (x 1) — 


asmi = H Cos x X a constant. 
Hence Bhāskara could see that the variation in the 
function H Sin x is proportional to H Cos x. Let it be now 
required to find the increment in H Sin x for an increment 
dx in x where 8x < 60’. Let H Sin (x+1)°—H Sin x = 
60' > H Cos x 
R 
Then Bhaskara argaes "If for an increment of 60', there 
is an increment of y, what shall we have for Bx ?”, 


= y where y is called the Bhogya-Khanda, 


" . ४0४ 60 x HCosx Ox पत Cosx Ox. 
he answer is 60 77 Ro X 66 = E 


Hence H Sin (x + 8x) — H Sin x = 8 (H Sin x) = 
H Cos x X i which corresponds to हे (Sin x) = Cos x Bx, 


Bhiaskara is thus the first mathematician to have perceived 
this differential formula 500 years before Newton and 
Leibnitz. 


Tn the context of the preparation of the table of 24 
H Sines which was there in Aryabhatiya as well as Sürya- 
siddhanta, we have to offer the following remarks, 
The method of the construction of this table was the 
subject-matter of some study by S. N. Naraharayya and 
A. A. Krishnaswami Ayyangar. In this study it was 
supposed that the method was based on finite differences 
according to the verses of the Süryasiddhanta 15 and 16 
of chapter II. The articles referred to reveal the difficulty 
in constructing the sine-table following this method. 
Some subsidiary corrections in the verse “ पकविशाञ्च faster 


aon enn 


1. S. N. Naraharayya—Journal of Indian Math. Society, Vol, XI—First 
Series Pages 105-113. 


2. A. A. Krisbnaswami Ayyangar—J. I. M. S. Vol XV—First Series 
Pages 121-126. 
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quoted 
from the Brahma Siddhanta by Ranganatha in his com- 
mentary of Süryasiddhanta were alluded to in the articles- 
cited but no satisfactory mathematical explanations were 
given by them. We shall give hereunder a satisfactory 
explanation of the matter discussed in the articles. 


In the first place it may be noted that in the table of 
those 24 H sines, the sixteenth as given by Bhaskara 
namely 2977 is more correct than that given in the Strya- 
siddhanta namely 2978 (Lakshmi Venkateswara press edi- 
tion 1955 Bombay). 


In the course of the Commentary under the verses 15, 
16 of the Stiryasiddhanta, Ranganatha gives the hint which 
must have been at the back of the mind of the author of 
the Süryasidhhànta when he gave the rule to construct the 


table cited. Just as 8 (H Sin 0) = — Similarly 


the formula हे (H Cos Q) = LIH LER 90 60 must have 
been known to the author. The negative sign means that 
the successive differences of the H sines namely 225, 224, 
222, 219 etc. are decreasing and also that the successive 
differences of these differences are increasing according to 
the H sine. Just as Bhaskara could see that the H sines 
were increasing and the successive differences of the 
H sines were in Kotijyanupáta i.e. in direct ratio to the 
H Cosine at their respective place, similarly, the author of 
the Süryasiddhànta could see that the second differences 
cited above were in Kramajyanupata as hinted by Ranga- 
natha, 


From the formula ® (--“**१९) a= I ò 6 


putting Q = 90°, we have the second difference numerically 
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x 
B ~ a0 २ 


Ranganātha made a mistake in taking this to be 


= 14’ — 48" — 30’ 


g 
= 15' —16' — 48” — Even oo is approximate 


and a more correct value of the second difference would be 
14’ — 4T" approximately. Rangandtha then argues that 
taking this second difference to be 15 for the H sine 3438 
‘ what will it be for the H sine 225' ?' The answer would 
be 19 X 225 _ 15 x 25 _ 375 


3438 ¬ 883 382 7 


So, the second difference in the beginning of the table 


happens to be 1' ie 2 This led the author of the Surya 


siddhanta to use the words “ तद्विभक्तलब्धोब ”, This being 
an approximate formulation, naturally necessitated a second 
formulation where the approximation led to an error of 1’ 
through the verse ‘‘wafaurma fama ete.” This second 
formulation intended to make a correction, was done in 
the wake of a correct calculation through the formulae I 
& II which were known even prior to Bhaskara. 


Verses 10, 11. To find the H sine of an intermediate 
angle. Suppose it is required to find the H sine of an 
eangle 8" ie Q x 60. Divide this by 225; the quotient 
gives the previous H sine. Then B a B where R is the 


remainder, and D the difference between the previous and 
next H sines, added to the previous H sine gives the H sine 
required. 


Comm. The formula is evidently based on an applica- 
tion of rule of three. 


Verse 11. To find the angle when the H sine is given 
Suppose the H sine of an angle is given to be x’. Subtract 
the greatest H sine that could be subtracted from this, 

16 
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Suppose the H sine of O^ could be subtracted. Let the 


remainder be r. Then AL where D is the difference 


between the previous and next H sines, added to 8 gives 
the angle corresponding to x’. 


Comm. Evidently this is the converse of the previous 
process and this also is based on Rule of three.’ 


Verses 12 —15. TheH sine of the obliquity of the 
ecliptic taken to be 24° is 1397. Now, the successive diffe- 
rences of the H sines will be given (on the basis of taking 
R = 120) which are known as Laghu-Jyàs intended for 
ease in Computations, namely 21, 20, 19, 17, 15, 12, 9, 6, 2. 
These are given for intervals of 10°, so that if it be required 
to find the H sine of x°, let q be the quotient and r the 
remainder when x is divided by 10. q gvies the number 


rx D 


of the previous H sine. Then where D is the next 


difference or jyakhanda as it is called, added to the previous 
H sine gives the required H sine. In this table the H sine 
of 24° is 48' — 45". Also the H versines in this table are 
got by the reverse differences. To get the angle Q? for a 
given H sine say x subtract the sum of as many differences 
(yà—Khandas) as could be from x. Let the remainder 
T r X 10 
hen D 
added to the previous angle upto which the jyakhandas 
have been subtracted, gives the required angle. The H sine 
will be more accurate if the Bhogya-Khanda or the next 
H sine —difference is rectified (as per the rule of interpola- 
tion next given). 


Comm, H vers 0 = R—H Cos 0 = R—H sin (90—0) 
so that H verse 82? = 3438 — H sin (864°) = 8488—3431—7 
as given in the previons table. Similarly in the above table 
ofLaghu-Jyas, H vers 10° = R — H cos 10? = 120 — H 
sin 80° = 120 — (21 + 20 + 19 + ... + 6) = 2 sgo that the 


be r. where D is the next jyi—Khanda 
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above differences in the reverse order give the H versines, 
The rest of the contents of the verses is simple, the procese 
, ३688 being based on the ‘ Rule of three’, 


Verse 16. Rectification of the next H sine difference 
known as Bhogya—Khanda. 


The difference of the previous and the following H 
sine —differences being multiplied by the remaining degrees 
and divided by 20, the result is subtracted from the arith- 
metic mean of the previous and following H sine-differences 
to give the rectified H sine —difference, in question. 


Comm, This is a formula for interpolation which 
agrees with the interpolation formula given by Ball in his 


spherical astronomy on page 18 in the form y = yo + E 


(y, — yo) + Y (y, — 27, + yo). This formula is 
a re-statement of the formula enunciated by Brahmazupta 
in his work Brahma Sphuta Siddhanta as well as Uttara- 
Khandakhadya in the form “ गतभोग्यखण्डकान्तरदळविकलमधात्‌ 
श॒तैनत्रभिराप्तेः, तद्टुतिइळं थुतोतं भोग्यादूनाधिके भोग्यम्‌” wherein in 
the place of ten-degree-interval, a fifteen-degree-interval 
ie 900'-interval was taken. Rule of three is a linear for- 
‘mula of interpolation, whereas the above is a quadratic 
formula reflecting much credit on the mathematical genius 
of Brahmagupta. 


We shall now see how the formula is applied and what 
mathematical significance it has, Suppose it is required to 
find the H sine of 24° from the previous table of H sine— 
differences given for intervals of 10° — from the table H 
ain 10° = 91, H sine 20 = 41, H sine 3) = 60 where R is 
taken to be 120, Now to find. H sin 24°, we are asked to 
rectify the next H sine—difference namely 19’, where the 
table is 21, 20, 19 eto. Asa first approximation, applying 
rule of three H sin 24° = 41 + 4% X 19=43'6=43 —86'. 
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This is a crude approximation, the actual value being 
48' — 48" — 14", Application of rule of three is justified 
if the H sine—differences are uniform, but they are not 80 , 
boing in a decreasing order. So, the following H sine— 
difference namely 19’ is to be rectified so as to be applicable 
& 24°. In other words we have to take such a H sine— 
difference which will hold good at 24°, not at 20° or 30? — 
from 10° to 20°, the H. S. व. (H Sine —difference) is 20’, 
and from 20° to 30° if is 19’. If that be so what will be 
exactly at 24°? If should be less than 20 and greater 
than 19’. Now the argument advanced by Bhaskara is that 
the H Sine —difference at the mid-point of the 2nd and 3rd 


differences namely 20 and 19 should be AI == 19'6, 
The H sine —difference at the end of the third interval is 
19. Then by the rule of three ‘If there is a decrease of 
19'5 — 19 = 6, during the course of the 10° of the third 
interval, what should the difference be for 4°? (where we 


have to find the H sine at 24°) The result is = 


which is given by the words “arisaat: खण्डकयोविशेषः 
शेषांगानिध्नो qaza”. This decrease makes the H sine— 
difference at 24°, 19°56 — 55; = 19°3 at 24°—Now the argu- 
ment to find the H sine at 24° is ‘ If for an interval of 10°, 
the H sine—difference is 19°3, what should it be for 4°?? 
The answer is $5:19'8—7'72. Hence the H sine of 24° ig 
21+20+7°72=48'72=48' - 43" — 12" which is nearer the 
truth 48° - 48” - 14" than what was obtained by the crude 
rule of three namely 48’ - 36’, 


Here we have to explain Bhaskara’s words more elabo- 
rately, because, Kamalakara happened to criticise Bhas- 
kara's words in this context. Bhaskara Says “The H sine 
difference at the end of an interval is the arithmetic mean 
of the preceding and succeeding differences, whereas the 
succeeding one is that which holds good at end of the suc- 
ceeding. In between, we have to apply the rule of three to 
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obtain the rectified difference," What Bhaskara means is 
this, At the end of an interval, to obtain the H sine, it is 
, enough to add the H sine differance belonging to that inter- 
val to the preceding differences. But when it is required 
to find the H sine in the interior of an interval, we have to 
construe that the difference a5 the end of the previous inber- 
val is the arithmetic mean of the previous and succeeding 
differences. There is apparently a self-contradiction in 
Bhaskara’s words; for, at the end of the interval, according 
to his own words, the diffsrence is that belonging to the 
previous interval and not the arithmetic mean as postula- 
ted. The contradiction will not be there when we read 
Bhaskara's mind that he means '* When we require to find 
the H sine in the interior of an interval only, the difference 
ai the beginning of that interval is to be taken as the arith- 
matic mean of the previous and the current differences, and 
that at the end of the interval the current difference holds 
good,” 


The truth of Bhaskara’s statement could be seen 
analytically as follows. Ths arithmetic mean of the prece- 
ding and succeeding H sine differences is (The context is to 
rectify the third H sine difference namely 19, for, we were 


C 
finding the H sine of 24°) AB (Ref fig. 8) where OA, 


® a 
AB, BC eto are the successive differences. 


AB -- 80 _ Hsin 90 —Heéin10 + H sin 30 — H 8 20 


4 


C 
= R x Cos 20 Sin 10 = H Cos Es Sin 10 


. Hsin80— H3810. p (32 380 — 6 =) 
2 


The nu merical difference of the preceding and succeed- 
ing H sine differences is (i.e. यातैष्यखण्डविशेष). AB - BO 
= (Hsin20 — H 810) — (Hsin 80 — H sin 20) = 
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2H Cos 15 Hsinó 2H Cos25 Hsin 9H sin 6 
R 


R R 
(H Cos 15 — H Cos 25) = sn? X 2 H sin 30 Hein $ 


Let now X be the point where we are to find the H sine 
(Here let us take it as x° after the previous interval for 
generalisation). Then Bhaskara's formula would give 


H Cos 20H Sinl0 2H sin6 x 2Hsin 20H sin 6 x 
A o—— ण? 00ी)00ी?0॥000 न en mn, x 


B HUC 20 
_ H Cos “= sin 10) _ cu Q Hsin 20 H sin! 5 
2HOos20Hsinó HCosB — 1 ¥x | 
= Bi gà X 10 X 2H sin 20 
H sin’ 6 
2H sin 6 E Cos 20 H Cos 5 — n X Hsin and 
R 
R 


put now successively x = O° fand 10° to get the rectified 

differences af B and O respectively; then those rectified 

differences would be respectively H Cos 20 Hsin 10 and 

2H sind x H Cos 25, But AB+BC _ HCos 20 Hsin 10 
R 2 R 

(found above) and BC = H sin 30 — H sin 20 = 

2 H Cos 25 H sin ó 


MENU EA In other words the rectified differences 


at B and C are respectively what exactly has been stated by 
Bhàskara. Hence Kamalakara's condemnation of Bhaskara 
is quite unjustified. 


Verse 17. To rectify the arcual difference to obtain 
the are for a given H sine. 


Subtract as many H sine-differences as could be sub- 
tracted from the given H-sine, Half of the remainder 
multiplied by the difference of the preceding and succeed- 
ing H sine-differences and divided by the succeeding and 
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the result being subtracted from or added to as the case 
may be (added in the case of Hversines) the arithmetic 
mean of the preceding and succeeding H sine-differenoes 
gives the rectified H sine-difference while finding the are 
for a given H sine. 


Comm, Let the given H sine be that of 24° found 
before ie. 48°72. We could subtract 21 and 20 from this 
and the remainder is 7°72; half of this is 3°86 which 
multiplied by (20-19) is 3'86. This divided by the succeed- 
ing difference namely 19 is'2 approximately. The arith- 
20 + 19 

2 
= 19'585. If the above result is subtracted from this, we 
have 19°5 — '2 = 19'8. If for 19'3 we have 10° increment 
10 X 7°72 
19:8 
= 10 X '4 = 4°. Hence the required aro is 20? + 4° = 24*. 


metic mean of the preceding and succeeding si 


' 


what shall we have for 7'/2, The answer is 


The proof is analogous to the previous proof. Having 
subtracted 21 and 20, the remainder is 7°72, (Ref. fig. 8) 


s hi Hz H3 
n LS rti rst e mes NN, 
A e x c D & 


2zi 20 i4 
A O x © D « f 


Fig. 8 


80 that BX = 7°72. Now during the course of the succeed- 
ing interval of 19, there has been a decrease of 19'6 — 
19 = ‘5 or to put it in general terms, during the course of 
y the succeeding interval BO there has besn a decrease 
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UJ — y = — where x is she previous intervai AB 
Do is the ri sine difference at 15. ence tne argu- 
ment is “If for y, there has heen a decrease of LÀ» 
y 2 
= 7'72) ”? The answer is 
i 


= अदणशेपकाधम्‌ X गते 
y 


what will it be for हे (Here 86 


(x—-y) 1 8 
Solr) 
३४३ चि 

This resul& is to be subtracted from B 
i.e. ‘2 is to be subtracted from 19'5 to give the rectified 
H sine—difference. 


Verse 18. Definition of Kéndra and assignment of 
sign thereto. 


The excess of the longitude of the mean place over 
that of the apogee or aplelion as the case may be is called 
the mean anomaly. The excess cf the longitude of the 
point called Sighroccha over that of the planet rectified 
by the first equation known as Manda-phala or equation 
of centre is known as the Sighra-anomaly. The equation 
of centre is positive or negative according as 180<m<360 
or O<m< 180 where m is the mean anomaly. The case 
will be reverse in the case of the sign of Sighraphala, the 
second equation. 


Comm. “azal ese} स्यातां मान्देनेकेन कर्मणा” ie. 
The Moon and the Sun could be rectified by the equation 
of centre alone. This means that the Moon revolving 
round tbe Earth directly and that the Sun revolving rela- 
tively round the Earth are subject to only one correction 
namely the equation of centre for rectification. In the 
case of the Sun, though the fact is that he is revolving 
round the Earth relatively, assuming as Hindu astronomy 
does that he is revolving directly round the Earth and 

him to the correction of the equation of centre 
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does not alter the mathematics that goes into his rectifi- 
cation. According to modern astronomy the Sun and the 
Moon, one relatively and the other directly go round the 
Earth, in ellipses, the Harth being in one focus whereas in 
Hindu astronomy both the Sun and the Moon are taken to 
be going round the Harth in eccentric circles i.e, circles 
whose centres do not coincide with the centre of the 
Earth. In fact, Bhaskara says in so many words “ भुमेमेव्य 
qg भवलयस्या5पि मध्यं यतः स्यात्‌ , यस्मिन्‌ qd anfa खचरो नाऽस्प 
मध्यं कुमध्ये, भूस्थो द्रष्टा न हि भवल्ये मध्यतुल्ये पश्येत्‌, तस्मात्‌ aga: 
कियत इहतत्‌ दो:फलमभ्यश्छेटे ie. The centre of the celestial 
sphere coincides with the centre of the Earth. The centre 
of the circle in which a planet goes doas not coincide with 
the centre of the Earth. Hence an observer on the surface 
of the Earth finds the True planet's position differing from 
that of the mean planet, so that what is called the correc- 
fion of Bhujaphala is to be made in the mean position of 
the planet to get the True position.” Here it has to be 
noted that the Bhujaphala mentioned stands both for. the 
equation of centre and the second equation known as 
S'ighraphala as well. One may wonder how it could be 80, 
but if may be noted that in the formulation of both the 
equations, the centre of the eccentric does not coincide 
with that of the Harth and also in both the cases the equa- 
gion contains the term H sine of the anomaly where the 
word anomaly whether it be of the firat or second equation 
is known as ‘ Bhuja’. 


In the case of the other plansts, the fact is that they 
go round the Sun in elliptic orbits, the Sun being in one 
focus. In Hindu Astronomy, we shall see that the centre 
of the eccentric circle in which these planets are taken to 
revolve coincides with the Sun. Hence, though the ancient 
Hindu Astronomy postulates geocentric motion, the mathe- 
matics that goes into the formulation of the second equa- 
tion, makes the Sun’s centre the centre of planetary revolu- 
tion. One may wonder again how the equation of centre 


16 
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formulated by Hindu Astronomy agrees with ifs formula- 
tion in Modern Astronomy which enunciates elliptic 
motion; but it will be seen that the eccentric-circle theory 
also gives very approximately the same formula for the 
Equation of centre. There is just one point of difference, 
which does not matter. Whereas in Modern Astronomy the 
mean anomaly is reckoned from the perigee or perihelion 
as the case may be, it is reckoned in Hindu Astronomy 
from the apogee or aphelion. The difference is made up by 
prefixing the appropriate sign to the equation. The word 
Mandoccha stands for the apogee in the case of the Sun 
and the Moon and for the aphelion in the case of the other 
planets and the word Manda kendra stands for the mean 
anomaly in both the cases. In Hindu Astronomy the word 
‘oraha’ stands for not only the five planets Mercury to 
Saturn but also for the Sun and the Moon. Why that 
word is applied to the Sun and the Moon as well is, that 
both the Sun and the Moon also while moving among the 
stars along with the five other planets Mercury to Saturn, 
wield an influence on the residents of the Harth. The 
etymology of the word ‘graba’ is ग्रहणातीति वा गृह्यते अनेनेति 
वा ग्रहः ie. ‘that which seizes upon the fates of the resi- 
dents of the Harth’, with this etymological significance 
only, even the lunar orbital nodes known as Rahu and 
Kétu are also taken to be grahas in Hindu Astronomy. 
Hence translating the word graba as à planet and criticis: 
ing Hindu Astronomy for taking the Sun, Moon and the 
lunar orbital nodes also as such is nof right. In other words 
the translation should be pronounced wrong. Uranus, Nep- 
tune and pluto were not mentioned in Hindu Astronomy. 


We shall now elucidate the eccentric and epicyclic 
theories of Hindu Astronomy, which will be seen to give 
identical position to the planets. How they came to be 
postulated will be also elucidated. Incidentally we deal 
with the ' Bhaganopapatti' or the proof of the numbers of 
sideral revolutions of the various grahas enunciated in the 
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beginning of the Madhyadhikara, Bhaganadhyaya in verses 
1. ४0 6. Even Bhaskara gave such a proof as appealed to 
Agama ie. ‘Authority’, which proof therefore will not be 
acceptable to a student of Modern Astronomy, who is likely 
to question how the Agama came into existence. 


| How the Agama came to formulate the number of 
sidereal revolutions of the grahas, we shall now see. 


The forefathers of Hindu Astronomy (have been re- 
ported to be eighteen in number in the famous verses “ सूर्य: 
पितामहो व्यासो वसिष्ठोऽत्रिः पराशरः कश्यपो नारदो गर्गो मरीचिमेनु- 
रङ्गिराः लोमशः पौलिशश्चैव च्यवनो यवनो भृगुः, शौनकोऽष्टादरैतेस्युः 
ज्योतिदशास्त्रप्रवतेकाः ” Of these Brahmagupta mentions 
Brabma-Siddhanta, which he reports to have resuscitated. 
Varaba Mihira gave a version of the old Stryasiddhanta, 
mentioning that if accorded with observations. Aryabbata 
says that he revived his system from the then existing 
ocean of knowledge both good and spurious. The fact that 
none of these outstanding astronomers mentioned that 
they had derived their systems from a foreign source, and 
fhe reasonableness in presuming that all these three could 
not be impostors, make the author of this work feel 
strongly that there should have been some works in the 

,name of Agamas extant long before these Acharyas. The 
argument that the crude Vedanga-jyotisa alone should 
have existed before Aryabhata, simply because, no other 
work worth the name has been discovered, may not be 
correct. It is quite possible that crude works could exist 
side by side with advanced scientific works, just as even 
nowadays we have thinkers and works of & primitive type 
existing along with highly advanced thinkers as well as 
scientific works). 


Bhaganopapatti. In the first place, the forefathers of 
Hindu Astronomy must have noticed very easily that the 
Moon has a motion among stars, for, this could be detected 
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even by a lay man during the course of a single night, So, 
the period of a single sidereal revolution, could be roughly 
recognized by noticing the conjunction of the Moon with 
a luminous star. Having thus observed a good number of 
sidereal revolutions, which could be done even with the 
naked eye, the average period could be arrived at with 
sufficient accuracy within the course of a few years. 
Having thus obtained almost accurately the average of a 
sidereal revolution of the Moon, the sidereal revolution of 
the Sun could have been arrived at as follows. The 
moment of an eclipse solar or lunar could be observed with 
the naked eje.*Observing a good number of eclipses within 
the course of a few years, the average of a lunation could 
be easily arrived at very accurately, for, in between the 
eclipses of the same nature an integral number of lunations 
elapse. That the Sun also has a mofion among stars must 
have been noticed clearly during the course of a few 
months,‘for, observing at Sunset the star that was rising, 
it should have been noticed gradually even during the 
course of a month, that the Sun must have been approach- 
ing the star or vico versa and as the'stars were found to 
keep the distances amongst them constant, it was the Sun 
that was approaching the star and not the star it was that 
was approaching the Sun. Having decided thus that the 
Sun was moving among stars from west to Hast, the 
approximate period that the Sun took to complete a side- 
real revolution was arrived at. Then, as both the Sun and 
the Moon were having east ward motion, and as the Moon 
has a more rapid: motion, the arc by which the Moon over- 
takes the Sun during a day was roughly noticed. Thus 
arriving af a rough estimate of a lunation within which 
a conjunction of the Moon with the Sun recurs, it was 
noticed that the excess of the sidereal revolutions of the 
Moon over thore of the Sun gave the number of lunations. 
Since a correct estimate of both a sidereal revolution of the 
Moon as well as that of a lanation were previously arrived 
at, the number of sidereal revolutions of the Sun during 
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the course of a certain period were computed whereby a 
correct estimate of a sidereal solar year was arrived at. 
This period could also be checked simultaneously by obser- 

* ving the interval between the heliacal risings or settings of 
a particular star of the Zodiac as well. Thus far, we have 
seen how the sidereal periods of the Sun and the Moon 
were determined very accurately. It may be noted that 
these periods as determined by the Hindu astronomers 
were correct to a good number of decimal places. 


When once the Sun and the Moon were found to be 
having eastward motion among stars, and when it was 
discovered that there were other luminous bodies like the 
Jupiter and Venus etc. moving among stars, if was 
attempted to determine their sidereal periods, It must 
have been done as follows. In the first place, i5 was 
noticed that these other luminous bodies which were five in 
number, namely Mars, Mercury, Jupiter, Venus and 
Saturn, were found to be having retrograde motion also 
unlike the Sun and the Moon. As these five bodies were 
looking like stars they were named Tara-grahas i.e. grahas 
looking like stars. Also a distrinction could be drawn very 
easily between Mercury and Venus on the one hand and 
the other three on the other, for, the former were always 
found oscillating about the Sun, never parting from him 
through long distances. Thus during the course of a suffi- 
ciently long interval, the geocentric sidereal periods of 
Mercury and Venus coincided with that of the Sun. In 
other words, it was taken that the geocentric sidereal 
periods of Mercury and Venus also were taken to be an 
year. This is clear from the statements made by all the 
Siddhantas that in a Kalpa of 489000000 years the Sun, the 
Mercury and Venus all the three make 432000000 sidereal 
revolutions, Then with respect to the other three planets 
Mars, Jupiter and Saturn, if was noficed that they were 
having a pre-dominantly longer period of direct motion, 
though there was a retrograde motion for some time. This 
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gave the clue to arrive ai an approximate estimate of their 
‘sidereal revolutions. But the correct estimates were arri- 
ved at not by observing their conjunctions with stars, for, 
that would take a very long period of observation in the’ 
case of Saturn, but, by observing a good number of their 
heliacal risings or settings. The interval between two 
consecutive heliacal risings or settings being a little grea- 
ter than an year, ten or fifteen observations could be done 
very easily by a single person. Then the aforesaid argu- 
ment given in the case of finding the sidereal revolution of 
the Sun, was also advanced in the case of these three 
planets Mars, Jupiter and Saturn. Let x? be the arc that 
the planet covers during the course of a day. Let a° be the 
arc covered by the Sun during the same period which was 
previously known and that correctly. So, during the 
course of a day the Sun overtakes the planet by (a - x)’. 
Hence to overtake 360°, the period S was computed. This 
period was observed as the interval between two consecu- 
tive heliacal risings or settings and known as the synodic 


period. So, from the equation 35u = S, the value of x 
E — 


could be arrived at, wherefrom p the sidereal period was 
determined. This sidereal period could be also determined 
in another way. Noting the distance covered among stars 
by a planet during the course of a synodie period, using 
rule of three, the sidereal period could also be arrived av 
with a good accuracy, for, the retrograde motion affects 
equally each synodic period. An average of such determi- 
nations made in two ways could give the sidereal periods 
of Mars, Jupiter and Saturn with a good amount of accu- 
racy. It will be noted here, that the average of a good 
number of geocentric sidereal periods in the case of these 
planets (called Superior) is also the heliocentric sidereal 
period (for a proof of this statement reference may be made 
to page 80 of the author’s “A critical etudy of the ancient 
Hindu astronomy, published by the Karnatak University 
Dharwar}. It is why the sidereal periods of these planets 
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as given by Hindu astronomy tally with the heliocentric 
sidereal periods given by modern astronomy. This is also 
one of the reasons why heliocentric motion of the planets 
could not be detected by Hindu astronomy, and also why a 
statement was made that "In the case of Mercury and 
Venus the Sun was the planet. and they are termed as 
Sighroechas, whereas in the cass of Mars, Jupiter and 
Saturn, they are the planets while the Sun plays the part 
of S'ighroecha " कुजजीवशनीनां तु रविः शीघरोच्चनामकः, ज्ञशुक्रयोः 

, तो शीघ्रनाम्रको ” (An elucidation of this state- 
ment will be given shortly) 


In the case of the planets Mercury and Venus (Inferior 
planets) one may wonder how under the geocentric theory, 
{heir heliocentric periods could be arrived at, though they 
were not recognized as such but were pronounced as the 
“geocentric periods (not considered as heliocentric)'' of 
two points known as their Sighroochas. Here we come 
across the peculiar concept of a S'ighroecha which arose 
out of the fact of postulating a geocentric system in the 
place of the heliocentric. This concept is to be elaborated, 
in as much as confusion is there in the minds of many 
interpreters of Hindu astronomy in this behalf, 


In the first place let us consider as to how the rectifi- 
cation of the Sun and the Moon, known as sphutikarana 
was achieved. Having got their Sidereal periods, their 
mean daily motions were calculated. Also a period was 
conceived, during which this Sun and the Moon would per- 
form an integral number of revolutions. This period was 
termed as a Mahayuga (or simply a yuga as we hereafter 
name it) whose duration was estimated as 4320000 solar 
years. That the yuga isan integral L.C.M, so to say of 
the sidereal periods of the Sun and the Moon (also of the 
other planets as we shall see shortly) could be seen from 
the statement of the Surya Siddhanta युरो' सूर्यज्ञशुक्राणां 


128 


खचतुष्करदाणेवाः, कुजाकिंगुरुशीप्राणां भगणाः पूवयायिताम्‌ , इन्दो 
रसाशिजित्रीपुसप्त भूधरमामणाः " Le. ‘In a yuga, the Sun the 
Mercury and Venus perform 482000 sidereal revolutions as 
well as the S'ighroochas of Mars, Jupiter and Saturn, 
whereas the Moon performs 57753336 revolutions’ (It may 
be recalled here that the Mercury and Venus are oscillating 
about the mean position of the Sun; also it will be noticed 
that the Sun playing the part of the Sighrocchas in the 
ease of Mars, Jupiter and Saturn, their Sighrdcchas are 
also deemed as making the same number of revolutions as 
the Sun. In as much as the S'ighrocchas in the case of 
Mercury and Venus are looked upon as different from the 
planets, so in the case of Mars, Jupiter and Saturn also. the 
Sighrocchas are taken as different Divine entities though 
coinciding with the Sun in position). However smaller 
periods could be conceived as integral L.C.M's of the side- 
real revolutions of the Sun and the Moon, but a presump- 
tion sponsored by a sense of orderliness in the Cosmos, 
that the planets should all have been started from the Zero 
point of the Zodiac, made the integral L.C.M. to be of 
such a dimen::on as 4320000 solar years in which period 
the other planets also would have made an integral num- 
ber of sidereal revolutions. Here in this point the tradi- 
tional Hindu astronomers place their faith in the Agama, 
which said that the planets were all started at the Zero- 
point of the Zodiac in the beginning of the yuga and were 
ordained to return to the same point at the close of the 
yuga. Even a rational astronomer like Bhaskara, appa- 
rently placing faith in the Agama, while adducing a proof 
in the name of Bhaganopapatti, states that after obtaining 
the mean daily motions of the planets, caloulates them 
for the period of a Kalpa taking it on trust that the planets 
were started at the initial point of the Zodiao in the begin- 
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ning of the Kalpa, A modern astronomer, however, ques- 
tions the assumption that the planets were all started at the 
first point of the Zodiac, and even though they might all 
have been in conjunction at that point in some remote 
past, whether it was the initial point of the reported Kalpa. 
Proceeding on the basis of the reported initial conjunction 
of all the planets at the first point of the Zodiac, and caleu- 
lating the number of days that have elapsed from the begin- 
ning of the yuga, the mean positions of the Sun and the 
Moon were computed. Noticing that these mean positions 
did not exactly accord with the true observed positions, the 
ancient astronomers tabulated the differences between those 
mean and true positions. These differences were found to 
be zero at two diametrically opposite points, and maximum 
roughly at two points differing by a quadrant from them. 
To account for these differences, the thought that occured 
to their minds was that probably the Sun and Moon did 
not move in a circle whose centre coincided with that of 
the Earth but were moving in an eccentric circle i.e. a 
circle whose centre is at some other point than the Earth's 
centre. This surmise could be made because unequal 
motion was accountable only on varying distance from the 
Farth’s centre and a celestial body appearing to move 
fastest must be nearest whereas the same appearing to 
move slowest must be farthest. Thus in the first place 
seeing no reason for non-circular motions RD also expec- 
ting the celestial bodies to move only in ९170168, for, à 
cireular motion appealed to them as the most ideal motion, 
the ancient astronomers later postulated an eccentric 
circular motion with respect to the Sun and the Moon. 
This postulation appeared to give good results as seen 


below. 
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Fig. 9 


Eccentric circle theory.—Let E, be the earth’s centre; 
let M,PA, be the circular orbit in which the planet (here 
the. Sun or the Moon) moves with a uniform motion. This 
planet is termed the Madhyagraha or the mean planet. 
Let M,A,P, be the actual orbit of the planet whose centre 
E, is removed a little away from E,. Since the centre E, 
is moved in a vertical direction away from H,, every point 
of the eccentric circle (E) will be vertically over the 
corresponding point of the mean circle. Thus M, will be 
the position of the actual planet where M, is vertically 
above M, the mean planet. Join E,M, to cut the mean 
circlein P. Since A, is the position of the actual planet 
farthest from E, the Earth's centre, the planet should have 
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the slowest motion there. So this point A, is termed 
Mandoccha, Manda because it is point where the planet is 
slowest and Uccha because it is the highest or the farthest 
point from the Harth’s centre. Corresponding to this 
Mandoccha in the eccentric circle A, is termed the 
Uccha in the mean circle. Also p the point where H,M, 
the line joining the Harth’s centre to the actual planet 
and called the Mandakarna, cuts the mean orbit is taken 
to be the position where the apparent planet is situ- 
ated. Thus 'p' is seen to be deflected from the mean 
planet M, towards the Mandoccha on which account 
the Mandoccha is considered to be attracting the planet 
`` -गेह्यःकषंको भति ” as Bhaskara puts it, The angle 


AEM, is spoken of as the Manda-Kendra or the mean 


anomaly and it is equal to ZAM, es Z, E.A, — longi- 
tude of the planet minus the longitude of the Mandoccha, 
where H,Z, and the parallel E,Z, are directions towards 
the Zero-Point of the Zodiac. This accounts for the 
statement ' मृदूच्चेन हीनो ग्रहो मन्दकेन्द्रम्‌ (of the verse under 
elucidation) i.e. the excess of the longitude of the planet 
over that of the Mandoccha is termed Mandakendra. 
While M, is termed the Madhya-graha in the mean 
orbit, M, is termed the prativritta-Madhyagraba, and 
wot spastagraha as might be deemed, while p is spoken 
of as the spastagraha or the True planet or apparent 
position of the planet. The word Prativritta stands for the 
eccentric circle. Now M,P the difference between the 
mean and True positions is spoken of as the Mandaphala 
which corresponds to the modern ‘Equation of Centre’, 
To find its value draw perpendiculars PN, and M,N, on 
Triangles E,M,Q, and M,M,N, are evidently similar 
M,Q, _ M,N, N, = MM, s" 
Hence EM," MM, so that M,N, = EM. x M,Q, 
y i ^ 
R H sin M,H,A, (1) (which is equal to r Sin E, in modern 
terms) Now in the case of the Equation of centre which is 


‘ 
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general a small quantity M,N. is taken to be equal to 
PN, If, however, this approximation is not made, PN,= 


N P 
M,N, X EAE. (by the similarity of the triangles E, PN, and 


E, M, 

E N ; - ND E 
, M, N,) go that the actual equation of centre 18 R H sin 
E x Ë — Ž H Sin E, where K = Mandakarna E, M,. As 

2 K R ^ 7 


M, moves from A, to P,, the equation of centre as given by 
(1) gradually increases from Zero to a maximum r when 
E, = 90° and 6660189863 from this ;oaxunum fo Zero when 
E. = 180°. Thus from what was noticed from the tabulated 
diffarences between the computed mean positions snd 
observed true positiors, the fact that those differences 
vanish at A, as well a3 P, the diametrically opposite point 
of the Mandoccha (nos called Sighroccha, for this word 
Sighroccha will be seen to have altogether a different 
connotation) was verified. The maximum value of M, N, 
'r' is termed the Antyaphala-jya or the H sine of the maxi- 
mum equation of centre from which the are could be found. 
In the case of the Sun and the Moon from the maximum 
differences between the computed and observed positions, 
their H sines were found and taken to be equal to ‘7’ in the 
respective cases. Prom this value of r, the circumferences 
of the circles whose radius equals v, were found and termed- 
as Mandaparidhis. Why the circumferences were found is 
that in all positions of M,M,, the value of M,M, = 7 (in as 
much as the corresponding points of the two circles will be 
as much distant as the centres of the circles from each 
other so that E,E, = M,M, = Constant = r) so that M, 
will always lie on a circle whose centre is M, and radius v. 
This cirele is known as the Manda-NichécchaVritta or an 
epicycle, where the word Nicha stands for the P, which is 
nearest the earth, and the compound word Manda- 
Niehoocha-Vritta means that circle which makes the planet 
occupy the Nicha and the Uccha points; the word Manda 
pertains to the Manda-phala or the equation of centre in 
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contradistinction to the word S'ighra which we shall 
shortly deal with. 


In modern astronomy the equation of centre is given 
approximately to be equal to 2e sin m where ‘m’ stands for 
the mandakendra so that r = 2e, It will be shortly seen 
from a subsequent table that this formulation of the equa- 
tion of conire gives results which closel y accord with their 
modern values. The true or apparent positions of the 
Sun and the Moon could be obtained fairly well from the 
above formulation, so that it is stated that agadi स्फुटो 
SUA मःन्देचैकेम दमण i.6., ihe Moon and the Sun could bs re- 
ctified by the equation of centre alone." This is quite in 
order for, the Sun and the Moon may be takea to be going 
round the Earth in ellipses, with the earth in one focus, 
the former relatively and the latter directly. 


After having formulated the method of rectification in 
the case of the Sun and the Moon, the next question was 
with respect to the Tara grahas ie. Mercury, Venus and 
Mars, Jupiter and Saturn. As these are going round the 
Sun and the Sun going round the earth relatively, the 
process of rectification got complicated. In the first ins- 
tance, the ancient astronomers must have tabulated the 
differences between the mean computed positions and the 

a observed true positions. In the case of Mercury and Venus, 
the case appealed different from what it was in the ease of 
the other thres planets, for the simple reason that the 
mean positions of the former were taken to coincide with 
the mean Sun. This meant that for rectification, the 
elongation had to be computed and added to or subtracted 
from the mean position of the Sun to get the apparent 
geocentric positions of Mercury and Venus. The analogy 
of fhe method of the formulation of the Mandaphala is 
taken here also by imagining (1) eccentric circular motion 
and (2) postulating an Uccha. In the case of the Manda- 
phala, the equation was zero when the mean planet coinci- 
ded with the Mandoccha. Here the equation is zero when 
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elongation is zero, i.e. when the apparent geocentric posi- 
tion of the planet coincides with the Sun, who is taken to 
be the mean planet. Naturally therefore the Uccha is 
taken to coincide with the Sun the mean planet, when the 
planet is in conjunction with the Sun. The maximum 
equation was had in the case of the Mandaphala when the 
arc between the Uccha and the mean planet was a right 
angle. So, here also, the maximum equation 1.8. the maxi- 
mum elongation should be had when the Uccha is a at right 
angle from the Sun. Thus an Uccha was postulated with 
the following criteria namely (1) It should be a point 
moving in a geocentric circle (2) It should coincide in 
direction with the Sun when the planet is in conjunction 
with the Sun (3) It should be removed by a right angle 
from the Sun when the elongation is maximum (3) It 
should be removed from the Sun by 180°, again when the 
planet coincides in direction with the Sun (4) It should 
have a longitude exceeding that of the Sun by 270 when 
again the elongation is a maximum on the other side and 
finally (5) It should complete a circle with respect to the 
Sun when again the planet coincides in direction with the 
Sun, 


When such 8 point was conceived it is clear that this 
Uccha is not the same as tho planet, as some have mis 
construed, because while the planet oscillates about the 
Sun by a particular angle (29° in the case of Mercury and 
45° in that of Venus) in Uccha completes a circle with 
respect to the Sun and further as Hindu Astronomy postu- 
lated geocentric motion, the Uccha is a point construed as 
going in a geocentric circle. By the above postulation the 
synodic period of the Uccha is equal tio the period of oscil- 
lation of the planet about the Sun. But the latter period 
is no other than the synodic period of the planet so that 
the synodic periods of the Uccha and the planet coinciding 
their sidereal periods should be equal. In other words the 
Uccha so conceived is à point other than the planet going 
round in a geocentric circle and having a geocentric side- 
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real period equal to the heliocentric sidereil period which 
again means that the geocentric longitude of the Uccha is 
the heliocentric longitude of the Planet. Thus the radius 
vector to the planet from the Sun is parallel to the geocen- 
tric radius vector of the Uccha. This accounts as to how 
the heliocentric sidereal periods of Mercury and Venus 
could be found under a geocentric concept and also as to 
how the heliocentric planets are themselves spoken of 
as their respective Ucchas, while their mean planet is the 
same as the Sun. On this count it was mentioned by the 
Hindu Astronomers spat: ग्रहः सूर्यो भवेत्‌ तो शीघ्रनाकौ ie. 
The mean Planet of Mercury and Venus is the Sun himself 
where as they are themselves spoken of as their Uochas, 
The phrase ‘they are themselves’ in the above statement 
is significant as it connotes that the word ‘they’ stands for 
the heliocentric planets, though it was uct stated in so 
many words. Shortly we shall see also that the centre of 
the eccentric circle coincides with the centre of the Sun 
also and applying Bhaskara's statement ‘afenqaa wafa 
खचरो नाऽस्य मध्ये कुमध्ये’ ie. the centre of the circle in 
which the planet moves does not coincide with that of 
the Earth', the Sun was, though unwittingly taken as the 
centre of the Planetary motion. Thus we see how even 
the geocentric postulation also could help computation of 
the Planetary positions, the mathematics behind revealing 
heliocentric motion. What Copernicus achieved was that 
he identified that the point about which the planets revol- 
ved which was construed by the Hindu astronomers as an 
imaginary point not coinciding with the earth’s centre, 
was no other than the Sun himeelf. 


In the case of Mercury and Venus the so-called 
S'ighra-phala came to be discovered first and we shall pre- 
sently see why their elongation was called Sighra-phala 
and how the Uccha postulated as above came to be termed 
Sighroccha. Since initially-the equation was to be zero, 
when the Planet and the Uccha coincided with the Sun 
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and then the elongation has fo increase as the Uccha 
gained over the Sun, fhe initial conjunction was the 
modern Superior conjunction. The other position of the 
Uccha when again the elongation i'e. the equation is Zero 
must be therefore the Inferior conjunction. Also at the 
motion of Superior conjunction, the planet must be having 
the maximum daily motion, as it is clear from a heliocen- 
tric figure that at that point the relative motion of the 
planet with respect to a geocentric observer is the sum of 
the velocities of the planes and the earth. Henee this 
Uccha is spoken of as the Sighroccha also because the 
Uccha being a geocentrically moving point having belio- 
centric angular motion, its velocity is always greater than 
that of its planet namely the Sun. The word Uccha is 
applied because a& the Superior conjunction the planet is 
farthest or highest from the earth. The excess of the 
longitude of this Uccha over the longitude of the planet ie. 
the Sun is known as the Sighrakendra or anomaly as it is 
said in the verse under commentary ‘aula Qa भवेत्‌ 
aisaka’. Thusin the case of Mercury and Venus, the 
Sighraphala came fo be discovered first. This being dis- 
covered, formulated as will be shortly shown, and applied 
to the mean Sun as the planet, still it was found that there 
was a difference between the computed position and the 
observed position. Such differences were tabulated. By 
analogy from the case of the Sun and the Moon, it was 
thought that there should be also a Mandoccha here also, 
so that fhe point indicated by the position of the mean 
planet after being corrected by the equation where the 
above tabulated difference was zero, was identified as the 
Mandoccha. From the H Sine of the maximum difference 
taken as the radius of the Manda epicyole, its circumference 
was then computed. 


In the case of the superior planets, we have already 
said that the geocentric sidereal periods accord with their 
heliocentric ones. Calculating the mean position of the 

and finding its difference from the observed true 
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position, such differences were tabulated. It was discovered 
that these difference almost vanished when the planet was 
in Conjunction with the Sun and attained a maximum 
"when the elongation was nearly ७ right angle from an 
analogy from the Manda-Karr.a i.e. process of obtaining 
the Manda-phala. Since the differences attained their maxi- 
mum value when the elongations were nearly a right angle 
if could be seen that the Sun played the part of the Uccha 
in this case. As the Sun has a quicker motion than the 
planet and also as af conjunction the planet has the quick- 
est motion relative to the Earth while it is farthest from 
the Earth the Uccha ie the Sun here, is termed S'ighroecha. 
The excess of the longitude of the Sun over that of the 
planet is termed accordingly the S'ighra-kendra and the 
S'ighra-phala the equation was formulated as will be shown. 
Applying this S'ighra-phala to the mean position, the diffe- 
rences still found between fhe position so obtained and the 
observed true position were tabulated. The point indicated 
by the above position where the difference was found to be 
zero, was identified as the Mandoccha, and through the 
maximum difference, the Mandaparidhi was formulated. 


In the above discourse, we have tried to give an 
account of how the originators of Hindu Astronomy 
could give us a ‘workable system, We never assumed that 
an Agama gave us the numbers of sidereal revolutions of 
the planets or the measures of the epicycles Manda or 
Sighra. But in the explanation given by Bhaskara under 
Bhaganopapatti, one will notice that when Bhaskara gave 
the proof of the Moon’s sidereal revolutions, he said that 
having got the true positions of the Moon on two conse- 
cutive days, the mean positions were computed from the 
true by an inverse process of applying the equation of 
centre, and getting the mean daily motion of the Moon 
from those mean positions, the number of sidereal revolu- 
tions in a Kalpa were obtained. Here the Upapatti or the 
proof adduced by Bhaskara was not a proof but only a 
verification in as much as (1) he assumed the formulation 
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of the Mandaphala from the Agama without pointing out 
how it was formulated and (2) he assumed the period of a 
:Kalpa snd that at the beginning of the Kalpa the planets 
were all in conjunction at the first point of Aries. Similarly 
in the Upapatti adduced by Bhaskara with respect to the 
Mandocchas of the planets, he assumed the formulation of 
Sighra-phala on the basis of Agama without proving how 
the concept of Sighra-phala was arrived at by the founders 
of Astronomy and how the difference between the observed 
apparent positions and the computel mean positions, was 
resolved into two equations the Mandapha'a and the S'ighra- 
phala. In the proof adduced with respect to the Sighroccha 
of Mercury and Venus also Bhaskara did not mention 
anything as to how their heliocentric sidereal periods could 
be obtained but simply assumad the formulation of the 
Mandaphala and S'ighra-phala as already being there on 
the basis of Agama. 


We shall now proceed to describe the method of formu- 
lation of the S'izhra phala with respect to the five Tara- 
grabas, star planets namely Mercury, Venus and Mars, 
Jupiter, Saturn and show how so different a set of geomet- 
ries of the ancients and the moderns the one geocentric 
and the other heliocentric could give identical formulation 
with respact to Sighra-phala, Let us consider the case of 
Mercury and Venus in the first instance. 


Having taken the mean Sun to play the part of the 
‘Graha’ in the case of Mercury and Venus and having 
formed a concept of Sighroccha as mentioned before, whose 
geocentric period of revolution was determinel, without 
suspecting it to be the heliocentric sidereal period of the 
planet the ancient Hindu astronomers assumed by analogy 
from the case of Mandaphala with respect to the Sun and 
Moon, that the centre of the circle in which these planets 
revolve does not coincide with the centre of the Earth. In 
other words, they continued eccentric circle theory here 

sọ that without suspecting heliocentric 
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their mathematics led to them to make the centre of the 
eccentric circle coincide with the Sun himself. On this 
basis alone ib was given to Copernicus to formulate helio- 
centric theory, sponsored by a thought that the Heavenly 
Sun oo not be deemed as a satellite of the ‘Mundane’ 
Earth. 


(Re'. fig. 9). The same figure 9 will also serve the pur- 
pose to obtain the S'ighraphala, only M, M, will be now on 
the right hand side of the Sighrocchas A, Ag, for, the latter 
wili be taken fo be in alvance of the mean plaasts Kaksha- 
Vrittiya Madhyagraha M, (i.e. mean p'auet of the deferens) 
and prati-Vrittiya Madhyagraha M, (i.e. moan planet of 
the ecceutric). The points A, add A, are themselves eallod 
the Kaksha-Vrittiya Sighréccha and prati-Vrittiya S'igh- 
roscha respectively. As was shown in the case of the 
Mandaphala from the eccentric figure 9, M, N, = 


नः H sin (Kendra) so that PN, = 7 H sin (Kendra) X a 
Antyaphalajya X Sighrakendrajya 
Sighrakarna 
Wo shall take this for elucidation in the appropriate 

context. 


= 7 H sin (Kendra) = 


Verse 19. Three Rasis each of 30° constitute a quad- 
rant, and there are four quadrants in a circle which are res- 
' pectively odd, even, odd and even. In the odd quadrants 
the Kendra covered is itself called Bhuja whereas in the 
even ones, the complement thereof is called Bhuja. Also, 
the complement of the Bhuja is called the Koii. 


Verse 20. R — H sine = Co. H versine and R — 
H cosine = H versine and R — Co. H versine = H sine, 
R — H versine = H cosine. 


नाशी ?0 == 


Verse 231. Also NR — H sine? = H cosine, 
= H sine, Similarly —— 
Dyujya, NB — Dyujys! = Krantijya; VR’ — Drig-jya* 


= Sanku, VR? — Sanku? = Drig-jyà. In all the cases 
cited above, the radins R happens to Le tiie hypotenuse. 


Comm. The convention in verse 19 corresponds to , 
saying in modern trigonometry that sin 90 + 6 = cos Q 
sin (180 — 8) sin ĝ, sin 180+ 9 = — sin Q, sin 270 — 8 
= — 008 8 sin 270 + 9 = — cos Q, sin 880 — 0 = — gin Q. 
In Hindu trigonomeiry the sign is understood and not 
explicitty mentioned. 


Krautijya, Dyujya, Drig-jya and Sanku, are respecti- 
vely Hsin हे, H cos X, H sin Z, H cos Z where हे is decli- 
nation and Z the Zenith-distance of a celestial body. 
Taking the radius of the celertial equator to be R, the 
radius of the diurnal circle of a celestial would be equal 
to R X cos हे = H cos 8 which is called Dyujya because it 
is the radius of the diurnal circle. 


Verse 22. The lengths of the circumferences of the 
Manda—epicycles are respectively 19? - 40’, 31°- 36’, 
70°, 38^, 33°, 60,* for the Sun, Moon, Mars, Mercury, 
Jupiter, Venus and Saturn. 


Comm.  Bhaskara has given these measures reportedly 
on the basis of Agama or ancient authority. The peculiarity 
of measuring the circumferences in degress less than 360°, 
is due to the idea thai these circumstances are measured in 
relation to that of the deferent or Kaksha Vritta taken to be 
360°. In other words, circumference of the epicycle of a 
planet as given above : circumference of the mean orbit :: 
x : 860 = radius of the epicycle: radius of the mean orbit 
where x is the measure of the circumference of the planet- 
ary epicycle. It may be mentioned once again that the 
radius of a planetary epioyole is the measure of the greatest 


* The printed book of Brahma Sphuta Siddhanta gives in the case of 
‘Saturn 30° only which might have bzen the mistake of the scribe (Vide 
verse’ 36, Spashtadhikara B. S.). 1n the place of 'शून्यराभाः it ought te 
have been’ 
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equation of centre pertaining to the planet which may be 
taken to be equal to 2e as a first approximation where e is 
the eccentricity of the elliptic orbit of the planet. 


It may be further mentioned here that in Sürya- 
siddhanta, as well as elsewhere in this work, the circum- 
ferences are given to vary continuously. This variability 


curiously achieves ellipticity in the orbit as may be seen 
88 follows. 


In the case of the Sun, the epicycle has a periphery 
of 14° when m = 0 or 180° and of 132° when m = 90° or 
270 according to Süryasiddhànta, where m is the Manda- 
kendra or mean anomaly. Atany arbitrary point, where 


ba g 


Fig. 10 
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she məzu anomaly is m the periphery is given to be 


14° — — The corresponding radius will there- 
fore be 7 - H पणा M =r —Hsinm (say) wherer = | 


ee (Ref. fig. 10) Let € bə the earth's centre, A the posi- 
tion of the apogee EE, = the radius of the epicycie meas- 
ured along CA, B any arbitrary position of the mean planet 
and b the position of the planet in the epicycle. Here the 
radius Bb is not equal fo the max, radiu: equal to EH, i.e. 
r but equal tor — H sin m. Take E, as the origin and 
E,A as the y—axis and a perpendicular to H,A through E, 
namely H,x as the positive direction of the X-axis. If the 
mean anomaly BHA be m, then the coordinates of the true 
planet are given by x = BL = Hsinm(l1)y = E,L + 
Bb = EL —EE, +r — 4H sinm = Hoosm — v पा (r — 
AH sin m = H cos m — 4x. 


A y c dx Hocosm (2) Squaring and adding I 
and II x? + (y + 4x) = H sin?*m + H 605१0 =R? 


x? (12-2) + 24xy + y! = R’ which is an ellipse 
with centre E, 


Verses 23, 21, 25. The peripheries of S'ighra epicycles 
The peripheries of the epicycles of the star-planets Mars 
Mercury, Jupiter, Venus and Saturn are respectively 
243?-40/, 182°, 68°, 258° and 40°. The H sine of the Manda 
mean anomaly of Venus being multiplied by 2 and divided 
by 348, and the result being subtracted from the periphery 
gives the rectified Manda periphery. The H sine of its 
Sighra mean anomaly heing multiplied by 5 and divided 
by R, and the result being added to the Sighra periphery 
gives the rectified periphery. The smaller of the H sine or 
H cosine of the Sighra anomaly of Mars being multiplied 
by 63 and divided by Hsin 45° and the result in degrees 
being subtracted from or added to as the case may be, 
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the aphelion gives the rectified aphelion. The S'rghra peri- 
phery being reduced by the above degrees gives the rectified 
'S'ighra periphery in case the S'ighra anomaly is 90? < m 
< 180 or 270° < m < 360". 


Comm. In the commentary Bhaskara adds that in the 
case of Venus the Mandaperiphery of 11? as given is at the 
end of even quadrants whereas at the end of odd quadrants 
if is 9°, wherefore the enunciated rectification. Similarly 
in the case of his S'ighraphala, the periphery of 245° men- 
tioned is at the end of even quadrants whereas at the end 
of odd quadrants it is 263°, and so the suggested rectifica- 
tion, Again in the case of Mars, the aphelion as computed 
is the same at the end of all quadrants whereas in the 
middle of the quadrants it is to be increased or decreased 
by 62° when the anomaly is as stated. Also in the case of 
this Mars, the Sighra periphery mentioned is at the ends of 
quadrants. In the middle of the quadrants the periphery 
is to be reduced as suggested. In all these interoolations 
Bhàskara accepts the Agama as enunciated by Brahma- 
gupta. 


We shall deal with the geometrical nature of these 
Sighra peripheries shortly in the appropriate place. 


Verse 26. To obtain what are called Bhujaphala and 
Kotiphala both in the case of Mandaphala as well as S'ighra- 
phala. The H sine and H cosine of the Maada or S'ighra 
anomalies multiplied by the respective peripheries and 
divided by 360°, or multiplied by r and divided by R gives 
the Bhujaphala or Kotiphala where r and R are respectively 
the radius of the Manda or Sighra peripheries and R the 
radius of the deferent taken to be 3438’, If the radius 
3438’ be respectively muitiplied by the Manda or Sighra 
peripheries and divided by 360°, the result will be the H sine 
of the maximum Mandaphala or Sighraphala, known as 

in either case. 
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Comm. As per the formulation. 


; _ Hsinm xe _ Hsinmxr 
Bhujaphala == णणण्पुळ E 
Hoosm xe | Hcoosm Xr 


in the care of Mandaphala or Sighraphala where o = peri- 
phery of the Manca or S'ighra peripbery, r=Antyaphalajya 
defined above R = 3438/ and m stands for the Manda or 
Sighra anomaly. These Bhujaphala and Kotiphala will 
be used in their respective contexts. 


Verses 27, 28, 29. Calculation of what is known as 
Sighrakarna. 


(H Cos m + r? + H Sin? m = K? (1) 

(R + Kotiphala)' + Bhujaphala? = K? (2) 
E? + r° +2R X Kotiphala = K? (3) 

E! +r? 42r X HCosm = KE? (4) 


The -arc of the H Sine of the equation of centre is 
called the Mandaphala. 


Comm. Ref. fig.9. From triangle E,MjM, (E,M, + 
MN + M,N? = E,M,? = K’ But M,N, = Kotiphala 
and M,N, = Bhujaphala defined previously so that we have 
the second formula for K enunciated above. From the 
similarity of the triangles E,M,Q, and M,M,N, we have 

N 
uo = gu so that M,N, E X M,Q,; Since M,Q, is 
called the Bhuja, the corresponding M,N, in the Antya- 
phalajyà triangle is called the Bhujaphala. Similarly 
M,N, is called the Kotiphala. 


Again (E,Q, + १,९) + MQ’ = HM,’ where EQ, = 
H Cos m, Q,Q, = M,N, = r and M,Q, = M,Q,=H Sin m 
From this we have the first formula enunciated. | 
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Again expanding (EM, + M,N,?, (E,M. + M,N,)° 
MN) = E,M,? we have the third formula; similarly 
expanding (E,Q, + Q,Q,), (EQ, + QQ.) + MQ, = 


E.M.” we have the fourth formula. 


Since the Sighraphala has been defined to be equal to 


XH Sin m, we have had the necessity of knowing the 


value of K. The convention of signs mentioned in the 
formulation in the words ‘ योगो मृगादावय ककटादो केन्द्रे ऽन्तरम्‌' 
is due to the fact that cosine is positive in the fourth and 
first Quadrants and that the Kotiphala becomes negative 
in the 2nd and 8rd Quadrants as could be seen by draw- 
ing the figure in those Quadranis, 


Now we shall prove what is most important, namely 
that postulating an entirely different geocentric motion 
how the Hindu Astronomers could formulate the S'ighra- 
phala which accords exactly with the heliocentric theory, 
assuming of course coplanar circular orbits. Let figures 
11 and 12 pertain to the modern heliocentric geometry, 


Fig, 11 Fig. 12 


the former with respect to the Inferior planets Mercury 

and Venus signified by V, and the latter to the superior 

planets Mars, Jupiter and Saturn signified by J. Let fig. 18 

pertain to the Hindu geocentric geometry desling with 

both the Inferior and Superior planets as well. In the 

heliocentric figures let S=Sun, H= Earth, SA=directon-to 
ii, the Zero-point of the Zodiac from the Sun, "^! 
19 


geocentric direction towards Aswini. Let SV, EV! be the 
heliocentric and geocentric directions of the STghroccha 
where V is the actual planet and V' an imaginary point. 
Draw EJ’ 11 to SJ. Let the radius of the inner and outer. 
heliocentric circles be respectively r and R. Let K be the 
radius vector to the planet in both the figures, 


Let in fig. 13, E,— Earth's centre, Ea= the centre of 
the eccentric circle which we shall presently show to be 
coinciding with the Sun’s position. Let M,, Ma represent 
the mean planets in the deferent and the eccentric known as 
Kaksha-Vrittiya Madhyagraha and prati-Vrittrya Madhya- 
graba. Let Ai, A, be the Sighrocchas in the deferent and 
the eccentric. Let E,E, = r known as Antyaphalajya and 
R the radius of both the deferent and the eccentric, Let K 
bé the radius vector to the planet known as S'tghra-Karpa. 
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We shall prove that m the Sighra anomaly of the Hindu 
figure will be the sams a3 ‘m’ as marked in the heliocentric 
figures. S'ighra anomaly is defined as longitude of Sigh- 


IN, 
roccha — longitude of the u —aB; M, —3a! E,A, 
^^ 
a B,M, —m fig. 13. In the heliocentric fig. 11, since A!EV: 


^^ 
is the longitude of the S'ighroccha, and A’ E S the longitude 
of the Sun treated as the Madhyagraha of the Inferior 


Pb ^^ ^ ^M 
planet AEV! — A'ES = V'ES=VSS'=m=the Sighra ano- 
AN AN ^ 
maly. In fig 12, m—8'SJ =SHJ = A! BS— AEF = AES — 


^ 
A SJ = Longitude of the Sun treated as tie Sighroccha 
of the Superior planet minus longitude of the heliocentrio 
planet known as Mandasphutagraha or ths planet reotifiad 
for the Mandaphala or equation of centre—S'ighra anomaly 
In the case of the Inferior planet the heliocentric direction 
of the planet is equal to the Sighroccha. Now consider the 
triangles ESV, JSE, E,MiM, of the three figures. Evidently 


“ Záó AN 

ESV = JSE = E.M, M, = 180 — m = Supplement of 
Sighra anomaly. If, further it is shown and (it will be 
SV SE M,M "e 

ee ROE i EY * $ r b 
| SE 37 he similarity 
of the triangle E;MiM geocentric figure separately with 
ESV and JSV will have been established. Taking this 


shown subsequently) 


“Ns 
similarity to have been established, M, E M, known as 


^ ^ 
Sighraphala will be equal to SEV in fig. 11 and SJE in 
fig. 12. In fig. 13, M, the prativritia Madhagraha is also 
known as the paramarthikagraba or the actual planet where 
as p its geocentric position on the Kakshamandala is . taken 
to be the trae planet or apparent position of the planet, In 
figures 11 and 12, EV and EJ are the directions to the 
true planets V and J so that the angles between the Sphuta- 
graha and the Madhyagraha (ie the Manda Sphutagraha = 
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(in fig 11) and — A! EJ- 

Sighraphala. Once tbe similarity of the triangles fig. 12 is 
established, the equality of the S'ighraphala will be establi- 
shed. Also dus to the similarity mentioned above the for- 
mulae for K as given in Hindu Astronomy should also 
accord with that in the heliocentric figures. In fact in the 
heliocentric figures K’ = R? + r° + 2Rr cosm = Rr? + 
2RH cosm which is indentioal with the four formulae given 
before as per verses 27, 28, 99. It will be seen that the 
epicycle (M:) with radius M,M, will be identical with the 
inner circles in the heliocentric circles, whereas the 
Kakshamandal (E,) with radius R will be identical with the 
outer circles of the heliocentric figures. 


Befors we proceed further, we shall annex the table 
wherein the ratio r/R a3 given in Hindu Astronomy will be 
seen to accord with that in modern astronomy. 


CT FECTS 
TEE EEE 
Periphery Periphery O O ge 
t of the t a "pm 
Plane Sighra- of the Ratio How 
t i Sad 
epicyole लहा) | | S ecc = 
| 8०४६8 
ENS PR GE. “a UNAN 
] 
| 
Mercury | 139? 3960  !i$2—'87 '887 
| 
= 2८00 258° 360? "716 "123 
Mars 24323" 368? ` ro 1:52 
Jupiter 68° 360° 53 | 5'2 


Saturn 40° 360° 9 9:5 


In the light of this table the similarity of the triaugles 
ESV, and JSE with E:M.Ma is now established. 
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Formula for Sighraphala from the heliocentric figures 
; sn SEV ^ 
Io fgl € ee 
"CK sin ESV ४० 
r ; 
— sin m 
K X 
. ^ 
, ain SJE ^ ; 
Infig.l2 -— ^ A s0 that sin SJE = — sin m 
sin BSJ 
Both these accord with the Hindu formula. 


P 


It will be interesting to point out here that in fig 11, 
keeping the earbh constant and supposing the Sun S to go 
in a circle with centre E and radius ES, the orbit of the 
Inferior planet V will play the part of the epicycle of 
Hindu Astronomy. Thus in the case of the Inferior pianets, 
the epicyclic theory is only a different version of the helio- 
centric theory. In the case of the Superior planets, how- 
ever, (fig. 12) cut off EJ'—8J along EJ” parallel to SJ; then 
J'J will ba parallel to ES just as M,M, is parallel to E,E, in 
fig. 13. Then the circle with E as centre and HJ? as radius 
corresponds fo the deferent of fig 18, whereas the circle (ग) 
with centre J* and radius J'J corresponds to the epicycle, 
The circle with S as centre and radius SJ corresponds to 
the eccentric, 

Verse 80. The equation of centre pertaining to the 


Sun, and the Moon using a simpler table of H sines where 
the radius = 120 units, The H sines of the mean anomaly 
83 found from the simpler H sine table where radius = 120, 
multiplied by 20, and divided by 1103 and 477 respectively 
gives the equation of centre of the Sun and the Moon in 


degrees. 


Comm. The maximum equation of centre with respect 
jo the. Sun is 2°-10/-31”. Then the argument is “ If by the 
H sine of the anomaly equal to the radius 120, we have the 
above max. equation what shall we have for H sin m ?"'. 
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T . Hsinm x 2°-10/-31" Qs x H 
he answer 18 क ME 120 sin m 

. t SETS. 9851 4 i 9 H £ 
very approximately = 14400 H sin m 1108 sin m 


Similarly in the case of the Moon, the maximum equation 
of centre is 5*-2/-8", By the same argument as above we 
H sin m x 1183 H sin m X 20 H sin m x 20 


225 X 120 54000 77 
1133 


have 


Verse 81. Rectification of the mean daily motion of 
the Sun and the Moon. 


The H cosine of the mean anomaly divided by 64 in 
the case of the Sun and in the case of the Moon multiplied 
by 4 and divided by 7 gives the increment or decrement in 
the respective mean motions according as 90,< m < 270 or 
270 < m < 360 + 90. 


ह T " 
Comm, We bave Equation of centre — R H sin m = 


E (say) so that differentiating OH = x H cosm en But 


7" H cosm is called kotiphala and Om is called Kendra 


E 
gati so that SE = Kotipstin. X Kendragati, 
phala is negative when 90 < m «270 OH is negative but in 
Hindu Astronomy we measure the Kendra not from perigee 
as in modern astronomy but from aphelion so that the equ- 


Since Koti- 


" . . r . . : " 
ation of centre is strictly — E H sin m if sign is also 


taken into consideration. Hence SE must be + ve. Since 
M +E — 8 where M is the mean planet, E the equation of 
centre and S the true planet SS=Sm-+HH so that the true 
motion is equal to the mean motion plus GE. As SE is+ve 
when 90 < m < 270as mentioned above we have to add 
this to the mean motion to get the true motion. This 
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is called gatiphala or what is to be added to the mean 
motion fo give the true motion. Incidentally we have 
commented on the contents of verse 37. 


Verse 32. The Sighra phala with respect to the Star- 
planets. 


d being multiplied by the radius R or 


the product of H sin m and r being divided by K the are of 
the result gives the S'ighraphala, 


Comm. In the verse it is mentioned that the product 


‘of the Bhujaphala and the radius is divided by K so that the 


formula for the Bhujaphala being पायपर the $ 


H siam Xr 
K 


ighra- 


phalajya will be which is stated in the alter- 


native. We have already derived this formula before where 


we got Hsin E, = H sin m X r. The arc of this will be 


E, ie. the S'ighra-phala, (E, because we take E, as the 
Mandaphala). 


Verses 88 and 84. An alternative formulation of 
Sighra-phala, 


,  Hsim being multiplied by R and divided by K 
and the difference between the arc of the result and 
H sin m will be the S'ighra-phala. Here H sin m belongs 
to the eccentric. The arc of the maximum S'ighra-phalajya 
added to or subtracted from 90° will give respectively the 
Quadrants and the H sine will have to be taken of the 
elapsed Kendra or its Koti according as the Quadrant is o88 
or even. 


Comm. Ref. fig. 13. From the similarity of the tri- 
angles E, M,N and E, PM, 


=: X M,N 
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But PM is the E sine of m* where m! is called Sphuta 
kendra (m is called the madhya-Kendra). Hence 

H sin mw’ = s x M,N= = x Bhujajyā (in the eccentric) 
n mi = HSin” Ẹ x Bhujaiya ) = pA. 

M,P = Sighraphala = M, A, — PA, = Kakshya- 
mandala Bahu minus the chapa m' — Here a clear under- 
standing of the word Babu or what is the same Bhuja should 
be had. The are pertaining to the angle m in the eccentric 
is known as the Bahu in the eccentric and that to the 
angle m in the deferent as the Bahu in the deferent. When 
O<m<90, m is itself spoken of as Bahu; when 90<m<180, 
180—m is spoken of as the Bahu; when 180<m< 210, 
m — 180 is the Bahu and when 270<m<860, 360—m is 
the Bahu. Thus the Bahu is that angle whose H sine will 
be H sin m numerically. When it is said in the verse 
' ज्रिज्याहता कर्णहृत। भुजज्या ' the word Bhuja is the arc M,A, as is 
mentioned in the same verse “ शेयोऽत्र बाहुः प्रतिमण्डलस्य’. The 
second part of the verse divides the eccentric circle into 
such quadrants that in them S'ighraphala increases from 
Zero to a maximum, decreases again from a maximum to 
zero, again in creases from zero to a maximum and again 
decreases from a maximum to zero. Thus at A, of the 
eccentric the S'ighraphala is zero; at a, it isa maximum 
namely the arc b,c, where H sin b,c,=a,¢,=7; Thus in 
the course of Aga, the arc of the eccentric the Sighraphala 
gradually increases from zero to 8 maximum and in the 
course of 8195 the Sighraphala decreases from a max to zero. 
Again from as toa, it increases from ‚zero to a max and 
from a, to A, it decreases from the maximum to zero, Thus 
the quadrants in the case of Sighrapbala are not of 90° but 
arcs 4991, 8199; 92935 and az;A, which are respectively of mag- 
nitude 90? + H Sin^'z, 90 — H 8७75, 90 — H Sin^'r and 
90--H Bin" 7. In the case of Mandaphala also, the quadrants 
should have been of the same magnitude if the so-called 
Karnānupāta has been postulated i.e. reducing the Manda- 
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phala from the extremity of the Karna to the extremity of 
the radius in the deferent; but as this Karnanupata is not 
adopted, the difference being negligible the quadrants are 
all of equal magnitude i.e. each of 90° 


In the course of the commentary of this verse Bhaskara 
mentions that for Mercury, as the maximum S'ighraphala is 
21?-31'-49", the quadrants are of magnitude 3-21-81-48, 
2-8-28-17, 2-8-28-17 and 8-21-31-43 respectively. 


Also in the commentary Bhaskara adds that a, which 
is the point of intersectiou of the eccentric with the hori- 
zontal diameter E,b, the Sighraphala is maximum and 
that at that point the mean motion is itself the true motion 

गति: स्पष्टा परं 

That the Sighraphala at a, and a, is maximum is 
clear from the figure 13, where it 1s equal to the arcs b,c, and 
bac, whose H. sine is equal tor. To prove that the mean 
motion is itself the true motion, we have the equation 
M, + E, = S where M, is the mean planet here or the 
Mandasphutagraha or planet rectified for the equation of 
centre, (by the equation M, -E,—M,, M, being the original 
mean planet and E, the equation of centre) so that 6M, -- 8, 
=S where OM: is the mean motion here, OS the true 
motion and 6M, is the variation in the Sighraphala; but at 
“a, and sy E, the Sighraphala being maximum OE, is zero. 
Hence 8M. = BS which means that the mean motion is 
itself the true motion. 


Verse 34. Latter half, 35 and 36 former half. 


The mean planet rectified for the equation of centre or 
Manda-phala is called Mandasphuta. Then subtracting the 
longitude of the Mandasphuta from that of the respective 
Sighroccha, the result will be the S'ighra anomaly from 
which the S'ighra-phala is to be obtained. Reotifying the 
Mandasphuta for this second equation namely: Sighraphala, 
again obtaining therefrom the equation of centre effeoting- 
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this in. the original mean planet and again correcting for 
S'ighrapbala and repeating the process till a constant value 
is obtained, the true planct is had with respect to the star- 
planets other than Mars. Bui with respect to Mvis, let 
first the mean planet be corrected for half of fle equation 
of centre. Then make half of the correction of Sighraphala, 
Take the resulting planet to be the mean planet and again 
finding the equation of centre, make this whole correction 
in the original mean planet. Again taking the resulting 
planet to be the Mandasphuta effect the entire S'ighraphala. 
Then we have the true planet. 


Comm, The Suryasiddhanta stipulates the same kind 
of correction in the case of all the star-planets. 


d 

Sip फळाचे प्रथमं ततो 

ग्रहे॥” i. Inthe first place half of the Sighra. 
phala is to be effected in the mean planet; taking that to 
be the mean planet and computing the equation of centre 
half of it is administered; taking the resulting to be the 
mean planet and computing the equation of centre, the 
entire equation of centre is now to be administered in the 
original mean planet; taking the result to be the Manda- 
sphutagraha, and computing the S'ighraphala, it is to be 
administered in full in the Mandasphuta. Then we have 
the true planet, l 


In modern astronomy, the equation of centre is first 
done and the result will be the planet in its heliocentric 
elliptic orbit. To reduce it to the geocentric position, the 
second correction is made which corresponds to the Hindu 
Sighraphala. Thus the two corrections administered suc- 
cessively gives the apparent or true geocentric planet. 


Though the mutual relationship as conceived between 
the equation of centre and the Sighraphala in Hindu Astro- 
nomy 18 deemed irrational by modern interpreters of Hindu 

tronomy, there is some rationale in the process as ex- 
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Ancient Hindu Astronomy’ (published by the Karnatak 
University) page 98. 


Verse. Cited from Goladhyaya. 


The equation of centre is to be applied to the mean 
planet to obtain the centre of the Sighraspicycle; then to 
obtain the true position the Sighraphala is to applied to the 
Mandasphutagraha; hence the two equations are mutually 
related so that the true position is obtained after repeated 
application of the two equations, 


Comm, Explained above. 


Verse 36 latter halfand 37. The true daily motion 
of the planet is the excess of the longitude of the true planet 
of the next day over that of the trae planet of the previous 
day. | | 


The Kotiphala being multiplied by the daily motion of 
the Manda mean anomaly and divided by the radius, and 
the result being added to or subtracted from the mean 
motion, gives what is called Mandasphutagati. 


Comm. Already explained before. If M,, M, and S be 
the mean planet, Mandasphutagraha, and the true planet 
respectively, and if E, and E, be respectively the two equa- 
tions, then | 


M,4-E, -M,, M,+H,=S so that. 


Here §8M,=mean daily motion, 6H,=daily variation 
in the Mandaphala, 8M,=daily motion of the Mandasphuta 
graha or what is the same Mandasphutagati, OH, = daily 
variation in the second equation and OS = True daily 
motion. ` ne 
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Lallicharya formulates the Mandasphutagati in a 
different manner which is equally correct (Ref. verse 45 
Spastádhikara Sisyadhi Vriddhida “ त्रिज्याहता ग्रहगतिः 
मदुकणभक्ता मन्दस्फुटा भवति” ie om xs Mandasphuta- 
gati where m = Madhyagati or mean motion and K is the 
Manda Karna equal to VR? + 73 + 2HRrcosm 


Mandasphutagati = 
| om x R ub 
Af 121 com + 787 (1 + 9 cos m | 
y 
=ğ m ( g या ) neglecting the smaller term 


JRE within brackets 


r H cos m 60 r H cos m x Om 


कर OF $m = Bm F 


_ om F Kotiphala X Mondakendragati 


Bhaskara. 


H 
on 
B 
s 


as given by 


Verse 38. In the case of the Moon, obtaining the true 
Moon for a particular moment and his daily motion for the. 
day, the ending moment of the tithi near at hand is to be 
computed with that daily motion, and the method of suc- 
cessive approximations is to be used to rectify the ending 
moment. In the case of the ending moment of the tithi be- 
ing sufficiently far away, then it does not matter even if 
the above daily motion is applied to get the approximate 
ending moment, In as muchas the Moon’s daily motion ig 
great and varies from moment to moment the motion 
at the moment is to be used. 


Comm, Strictly speaking the ending moment of every 
bithi is to be computed by the method of successive approxi- 
mation. That is why in the computation of eclipses, 
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Moon's hourly motion is given in modern almanacs. Since 
16 ig very cumbrous to use the method of successive approxi- 
mation fo determine the ending moment of every tithi, the 
Hindu almanac-makers generally compute the ending 
moment of a tithi using the daily motion of the moon 
computed for the moment of Sun-rise of the day. Only for 
ritual purposes, the method of successive approximation is 
used and also in the computation of eclipses. 


Verse 39. Computation of the S'ighragatiphala. 

H sin ie om — SQ whara N 18 the daily 
motion of the S'ighroccha, E, = S'ighraphala, 8m = daily 
motion in the Sighra mean anomaly, K = Sighrakarna, 
and हे8 the true motion of the planet. If OS is negative the 
planet is retrograde. 


Comm. This is mathematically an important verse, 
and the proof given by Bhaskara really reflects his 
genius. Before we attend to his proof, we shall give this a 
modern treatment. (Ref, figs. 14, 15). SA and HA’ are the 


v A 


Fig. 14 


heliocentric and geocentric directions to Aswini the Hindu 
Zero-point of the Zodiac; S = Sun, E = Earth; V = In- 
ferior planet Venus or Mercury; J = Superior planet; E = 
Sighra-phala, K = S'ighra Karna; M. = S'ighra anomaly. 


Fig. 15 


True motion of the planets = ò (A'EV) or हे (A'EJ) 
AN 


But 8 (A'EV) - 8 (A'EV'-n) and 8 (A'EJ)=8 (A°ES-n) 


In the case of the Inferior planet 8 (A EV')=® (ASV) 
= S'ghroechagsti and On is Sphutakendragati where n is 
called Sphutakendra, m being called Madhyakendra. In 
the case of the Superior planet à (A'ES) = S'ighrocchagati 
because the Sun plays the part of S'ighroecha in the case of 
a Superior planet and ðn = Sphutakendragati as before. 
Hence in both the cases, Sphutagati—S'ighragati —Sphuta- 
kendragati. We have now to find Sphutakendragati to- 
obtain Sphutagati, as Bhaskara remarks rightly “' महामतिम- 

रिव स्पष्टीकता ”. In other words we have to find 
On. From the figures K cosn — R cos m = r (i) Differentia- 
ting this we have — K sin n ðn + cos n OK + R sin m ĝm 
= 0 (ii). But K’? = R? + 7? + 2Rr cos m so that 26K x K 
= — 9Rr sin mà m (3) Eliminating OK between (2) and 


(8) — K sin nð n — + R sin 
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But K — r cos n = R cos E. 


Sus R sin R sin mom X Boos E x B eos E 
R cos Eom _ H cos E ðm 
K K 


Bhàskara. In the formula H sin E — LH Rm. Bhaskara 


But R sinm = Kesinn 


Cancelling 8n = as given by 


perceived the variability of both H sin m and K on 
the right hand side and he exclaims “a हि केन्दगतिजमेव 
फळ्योरन्तरं स्यात्‌, किम्त्वन्यथाऽपि अद्यतनसुजफलश्‍बस्तन भुजफलान्तरे 
न्रिज्यागुणे अद्यतनकर्णहते CADET He न azi शवस्तनतकणीहते, स्वद्पा- 
न्तरेऽपि कर्णे भाज्यस्य बहुत्वात्‌ quedé स्यादित्येतदात्रयनं हित्वा अन्यत्‌ 
महामतिमद्भिः कल्पितम्‌ › तद्यथा केन्द्रगतिरेव स्पष्टीकृता ” ie. " The 
variation in the Sighraphala is not entirely constituted 
by the variation in m but also by that in K......So 
leaving the method of seeking AE through the formula 


iE y Hsin m 
H sin ४ = पूल 


used the formula. 


the great intelligent astronomers 


Sphutabhukti = Sighra Bhukti — Sphuta Kendra- 
bhukti (Bhukti means gati) wherein it was'sought to obtain 


^ 
' ihe variation in Sphutakendra i.e. n in the figures. 


We have given a proof of Bhaskara’s formula, which 
circumvented finding S'ighragatiphala but which sought 
directly Sphutabhukti, by using the modern heliocentric 
figures, We shall now see how Bhaskara could deal with 
guch a tough problem. Refer fig 16. Let P,, P, be two 
positions of the planet on two consecutive days relative to 
the Sighra A, so that P,E,P, 1s the Sphuta Kendragati 
spoken of. It will be noted that it is not Sphutagati be- 
cause P,, P, are positions of the planet relative to A, which 
is itself moving (as rightly remarked by Bhaskara). It is 
Sphuta Kendragati because A,E,P, and A,E,P, are the 
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Kendras on two consecutive 
days whereas Madhyakendragati 


Paw a 
is P,H,P,. Also, we have the 
equation. 


Sighra — Sphutagraha — 
Sphutakendra so that S'ighra- 
gati — Sphutagati = Sphuta- 
kendragati. Hence Sphutagati 
= Sighragabi — Sphutakendra- 
gati. So we have now to seek 


Fig. 16 


the value of P,E,P,. Let P,a stand for the S'ighra- 
phala of the first day which is equal to e f, f being the true 
planet of the first day. E, d will be parallel to Ei, f because 
P, e being parallel to E, E, and e f being equal to P, d, d f 
11 P, e (parallels to E; Es cut off equal arcs on the two 
ciroles). This may be seen also as follows. Since P, d is 
taken to be equal to e f, e being the mean planet and f the 


AN ~ 
true on the first day e E, f = P, E,d. But E, e 11 E, P, 


^M ^^ ^ 
eE f= EP, E, .. P, Ed = E, P, B, and alter- 
nate angles being equal E, P, 11 E,d. P,a is the H sine 
of P, d where P, b is the H sine P, d. Looking upon P,P, 
as an increment in P, d i.e. looking upon the Kendragati 


AN 
P, E, P, as an increment in Sighraphala, Bhaskara uses 
the method of Bhogyakhanda sphuti Karana to obtain the 
Sphutakendragati. From the figure. 


P.c = P,b — Pia = Hsin (G + 8m) — H sin E 


d en ee nen Le Iac 
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Taking H cos हे M = Rand H sin Sm = 


H cos E लेण 
R 


P.c = This is at the end of E, P, i.e. 


at the end of K; so to get the corresponding chord in 
the deferent we do Karnànupata so that the result is 
H cos E 8m T R _ Hoos Eon 
R K K 
We have cut short Bhaskara’s method of Bhogyakhanda 
Sphutikarana to make it clear to a modern student. Since 
Pc is small, passing on from the H sine to the aro is not 
necessary, for, the H sine of a small arc is equal to the are 
itself, 


as given by Bhaskars, 


Bhaskara’s argument, however, is as follows:—‘“If for 
225, we have Bhogya Khanda, what for 9m? " The result 
8 Bem. Then B is rectified as follows: —'" When the 
H cosine E is equal to the radius, i.e. initially in the H sine 
table, the Bhogyakhanda is 225, then what is it for H cos E?” 
H cos E X 225 

R 


i 


The result is which we have to substitute 
for B. Then if this be at the end of K what is it at 
the end of R?” The result is Scos X D 
छ 


R | Heos E > àm 


om 
x =. ox 
225 


Before we proceed to explain ‘' 
we shall explain what Bhaskara pointed out as a mistake in 
Lallacharya. 


Verse 40. Let Mathematicians understand that what 
formula was given by Lallacharya for Sighragatiphala is 
not correct. When the anomaly is 90° or 270°, the gati- 
phala vanishes and there will be gatiphala at the points 
where it ought to be Zero according to his formula. 


21 
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Comm. Ref. verse 45, Spastadhikara, Sisya Dhr- 
vrddhida 


1.6. 
) XR Sighraphala Bhogyakanda 
K x 595 
= Sighragatiphala. 


Here the quantity within the brackets is Qm. What 
Lallacharya had in his mind is as follows. ‘If for the Adya 
Khanda 225 we have H cos E = R, what shall we have for 
the Bhogya Khanda of the Sighraphala?’’ The result 
would be | Hsin (E + 226) — H sin E | xÈ = 


(Hine Eos 225 + H cos HH sin 225— H sng) x R 
a RR a 225 
Taking H cos 225 = Rand H sin 225 = 295 it would be 
H cos E x 225 x ae = H cos E. So Lallacharya's 


formula would become K X Hoos B as given by Bhàs- 


kara. The charge levelled at Lallàcharya is due to the fact 
that by the word ‘ Asu-chapa ' by which Lallacharya meant 
Bhàskara meant “ आशुकेन्द्रत्राप’ , When the 
Kendra = 90 or 270, the Bhogyakhanda being Zero, the 
Sighragatiphala would be Zero. Also where it ought to be 
zero namely (90 + H. sin'r) & (270 — H 81117) it would not 
be zero. If Lallàcharya had really meant what Bhaskara 
allributed to him, the formuia would be ze mm 
it is very unlikely that Lallacharya would have meant this 
wrong formula, for, even if K were taken by him to be 


steady, © (er) = = oos mom and Lallachar- 


ya's formula does not contain ‘r’. The only non-rigorous 
part in Lallacharya’s formula is at the point where he took 
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H cos 225 = Rand H sin 225 = 225 which is rather crude. 
Bhaskara of course improved on this crudeness by taking 
to be an increment in E. 


In the commentary under this verse, Bhaskara, 
having misinterpreted Lallacharya’s phrase agag as 
meaning आशुकेस्द्रचाप and not as आशुफळचाप which was 
in the mind of Lallacharya, goes on recounting examples 
where the wrong formula attributed to him would give 
wrong results. So, we need not enter into those details, 


Now we shall correlate Bhaskara’s formula with its 
modern counterpart. Assuming coplanar heliocentric cir- 
cular orbits for planets, let us see ai what points two planets 
appear mutually stationary, that is, have a Zero relative 
angular velocity before they appear mutually retrograde. 


Let S = Sun, E = Earth, J = Jupiter, u = Earth's 
linear velocity, v = Jupi- 
fer’s linear velocity 7 and 
R the orbital radii of the 
Earth and Jupiter respe- 
ctively. Let EE: and JJ: 
be perpendiculars to EJ so 
that when the relative velo- 
city of Jupiter with respect 
to the Harth perpendicular 
to EJ is Zero, Jupiter will 
appear stationary as seen 


Fig, 17 from the Earth. This 
means that u cos 8 + v cos £=0 I 
Pas cosé II 
v cos 0 
But from triangle ES], 
R cos 6 + K 0०७8 =r III and 


reos 6 -«-K co082 — R IV 
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From IIg Iv 9094 = 7008 O—-R y 
cos ĝ R cos 6-7? 


Equating E à from II and V 


«eta ed Dx 
Ii m be the Sighra anomaly m = 180 — Ó 

so that cos m = — (Ga) VI 
Now we shall show that Bhaskara’s formula aocoris with 
H cos E 6m | 

K 


= Gos ġ 


this Spastagati = Sighragati — AS per 


Bhaskara 
M 
H cos E om VII 
K 
ie. Jupiter appeirs stationary as sean from Earth, if Sighra- 
H cos E 6m 
K 


Spastagati = 0 if Sighragati = 
gabi = 


The angular velocities of Earth and Jupiter are respeot- 


ively ठ and 5 so that the Sun's apparent velocity is also 


- and Om = Kendra gati = Sun's apparent velocity 


minus Jupiter's heliocentrio velocity = = — E 
Substituting in VII 
H cos E /u v 
Sigh ff = U Qi O08 5 ( M du ut. 
ighragati : = ca 
4 (RE 1 = Hoo HE , v 
y K ) K R 
ie. ह) = Hoo RE , v 
? K K R 
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But H cos E = Roos E = Roost (here) £ standing 
for E and R cos £ — K = — r cos Q 


so thas X — £ 608 8 = ७ ००8८ 


u eos 8 + u cos ¿ = 0 
This is equation I derived from modera mathods, so that 
Bhiskara’s formula accords with I and the rast follows as 


before i.e, 008 m = — (zu) 
TU u 


Substituting the values of r and R for each of the pla- 
neis and noting that 7 = epioyolio radius or Antyaphalajya 
R = 3439, u = meau velocity of the Sun and v = mean 
velocity of the planet, we have the respactive values of m 
when planets appear stationary or, what is the same we 
could more easily use equation I noting thai 0 = m — £ 
and thereby get the values of m for stationary values. 


We shall give here some points of observation pertain- 
ing to S'ighraphala and Sighragatiphala, 


We have M, + B; =8 I where Ma = Mandasphuta- 
graha and E, = the S'ighraphala where from we have 
M. +8H.=68  IIi.e.Mandasphutagati + S'ighragati 
phala = Spastagati (a) Let E, be maximum so that 
SE, = 0, then 8M, = BS. This means that in the helio- 
centrio figures 11 and 12, at the points a and b,: the 
S'ighraphala being maximum, the Mandasphuta gati will be 
itself the Spashtagati. This line ab, it will be seen corres- 
ponds with the so called “ कक्षायध्यगतिर्यप्रेखाप्रतिवृत्ततस्यातरेख। ” 
i.e. the line cutting the eccentric, drawn through the centre 
of the deferent. 


(b) The planet begins to retrograde only after the 
Spashtagati vanishes i.e. after OM, + OH, becomes Zero. 
Taking 6M, to be almost a constant since the Mandagati 
phala is small, the negative value of OE, must cancel OM, 
in order that the Spashtagati may be zero. ðE. becomes 


negative when the planes courses tne atc of tae smaller 
segment ab, because Hs decreases from a maximum value 
to zero, As a matter of fact OH, negatively increases along 
ac and again increases from a negative minum at c to Zero 
af b as we course along cb (vide fig. 11 & 12). Thus the 
planet will assuma zero velocity ai swo points symmetrical 
about c and in between ab, In other words the planet will 
ba retrograde along the arc d, cd, not entirely along ab a: 
some have misconstrued. Regarding H,, it is clear that it 
is zero at S. then gradually increases to a maximum as the 
planet traces S'a, tho maximum being assum3d at a, then 
it decreases from the maximum fo zero as the planet 
courses the arc ac. and then increases from zero to a maxi- 
mum at b and finally deoreases from that maximum to 
zero at S again. Keeping the Harsh constant i6 wiil be 
noted that an Inferior planet always goes anticlockwise 
whereas a Superior planet always goes clockwise. Also 
ii will be seen that the Sighraphala is positiva as the planet 
courses the arc Sac, whereas it is negative as it coarsas 


005”, 


(c) The values of tho spashigati at S and O will ba 
respectively putting H cos E = Rin the formula. 


Spashtaga$i = Sigbragati — =, Here fore 
Sighragati we may put U and U — V for Om, and putting 
K= R -rat and R — rat C; tha values of the gp.ush- 
tagati would be 


U —-R(U—- V) wg U—R(U—-V), RV ru, 


Rr R—r R+r 
RV — rU l 
a respectively, 
rU . RV —»U 


— > cH if RV dux rRV 4- RrU “णा 20 > 


r 


RV — RrU + rRV — +°U 
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ie. if rR (U — ४) > Rr(V —U). U— V is + ve and 
equal to V — U. 


So the positive velocity a& S'of the planet will be 
equal fio its negative or retrograde velocity at C. A quan- 
tity assuming values K, O, — K,O,K must have a value 
numerically less than K in between. Thus the velocity 
direct or retrograde at any point of fhe orbit is less than 
the numerical value of the velocity at S' and C. 


Verse 41. Retrograde motion. 


The planets Mars, Mercury, Jupiter, Venus and Saturn 
will be retrograde when the Sighra anomaly assumes values 
163, 145,125, 165 and 113 respectively and the direct 
motion again ensues at (360—163), (880 —145), (360 —125), 
360 — (165) and (360 — 113) respectively. 


Comm. Since we have had the formula VI 


_ _{7U + Ho tati int 
cos m ( VE RU ) for stationary points, 
noting that cos (180 — 0) = — cos 8 = oos (180 + 8) the 


stationary points are symmetrically situated with respect 
to S' of figures 11 and 12. As mentioned before substitut- 
ing the values of U, V,7, R forall the planets we can 
prove the veracity of Bhaskara’s statement, 


Verse 42. Heliacal rising and setting of planets. 


Mars rises heliacally in the Hast by 28°, Jupiter by 
14°, Saturn by 17° of Sighra anomaly and set heliacally in 
the west by degrees which are the differences of the above 
and 360° respectively. 


Comm. The Sun's velocity being greater than that of 
the Superior planets, the Sun overtakes them so that they 
set in west and rise in the Hast. When these planets are 
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situated within particular limits from the Sun, they will be 
invisible in the rays of the Sun. As these superior planets 
will be near the Sun, near the moment of conjunction, 
they will not be seen at conjunction and within particular 
limits from the position of the Sun. The limits cited 
above mostly depend upon their respective brilliance and 
fo some extent upon their distances from the Sun too. 
Their brilliance again depends upon the extent of their 
gibbosity. The formula given for the phase in modern 


N 
astronomy is phase = 1toos Ee and noting that Eps = 


Leost, Hence the Supe- 


E: = the Sighraphala, phase = 
rior planets are always gibbous ie. the disc illuminated will 
be always greater than 2. Though at conjunction E, = 0 
and the entire discs of the major planets will be illumina- 
ted, we cannot see them as they are immersed in the rays 
of the Sun. As they emerge out of conjunction gradually 
E, will be increasing so that the discs will be illuminated 
lesser and lesser gradually. But K decreasing, the brilli- 
ance will not be so much effected. Along the arc acb (figs. 
11, 12) the planets gradually gain in illumination and will 
be brightest when they are in opposition both as cos E in- 
creases and K decreases. In other words the Superior 
planets appear more and more brilliant when they are 
retrograding, being most brilliant af ‘©’. The spherical 
radii of Jupiter Saturn and Mars being in decreasing 
order, their brilliance will be in decreasing order so that 
they will be rising at distances from the Sun which are in 
increasing order, The inverse square law of courses works 
here but combining the two factors (1) the spherical radius 
of the planet and (2) the inverse square law, we may take 
it that Bhaskara's numbers cited above namely 28°, 17° 
and 14° for Mars, Saturn and Jupiter respectively accord 
with truth, for, these numbers are given by Bhaskara or 
his authority Brahmagupta only after observing the planets 
rising heliacally. 


169 


That the positions of the planets while setting or rising 
heliacally will be situated symmetrically with respect to 
the Sun, goes without saying, 


But one thing. In the chapter called Udayastamaya- 
dhyaya, the degrees known as Kalamsas which are given 
as the ares between the planets and the Sun for heliacal 
rising or setting, are different from the numbers given 
above, for, the latter are the values of fhe Sighra anomaly, 
In the case of Mars when the Sighra anomaly is 28°, the 
Sighraphala will be 11°, so that the apparent distance of 
the planet will be 28°—11°=17° which are the Kalamsas 
for Mars. Similarly in the case of Jupiter, when the 
Sighra anomaly is 14°, the Sighraphala will be 3°, so that 
the distance between the planet and the Sun as seen from 
the earth will be 11°, which are given as Jupiter’s Kala- 
msas. Also in the case of Saturn, the Sighraphala for 17° 
of anomaly will be 2°, so that the Kalamsas would be 15°. 


Verse 43. Mercury and Venus rise in the West by 
50° and 24° of Sighra anomaly respectively, and set in 
the West by 155°, and 177° respectively. They rise in the 
East by 205° and 183° of S'tghra anomaly and set there by 
310° and 336° respectively. 


Comm. Regarding the Inferior planets, they rise 
heliacally in the Hast after Inferior conjunction and then 
they are retrograde. They attain gradually the maximum 
elongation in the East and after they revert to direct 
motion, their elongation gradually decreases. They then 
get in the Hast and heliacally rise thereafter in the West. 
There again their elongation attains a maximum value; 
then they begin to retrograde and gradually set in the 
West only to rise in the East. This is all clear from the 
heliocentric figure 11. When the S'ighra anomalies of 
Mercury and Venus happen to be respectively 50° and 24°, 
their Sigbraphalas would be 13° and 11° respectively, so 
that they are themselves the Kalamsas, in as much as in 
| $9 
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the case of the Inferior planets, the Sighraphala will be 
itself their elongation eastern or western. Then they 
rise in the West, being near Superior conjunction. When 
again their Sighra anomalies equal respectively 155° and 
177°, the same Sighraphalas will arise so that they set 
heliacaly in the West. Then as the Sighra anomalies 
attain the symmetrical values on the other side ie. (360- 
155) and (360-177) ie. 205° and 183° the S'ighraphalas being 
the same, they rise in the Hast. Again when they attain 
the values (360-50) and (860-24) ie. 310° and 336°, they 
set in the Hast on account of the same S'ighraphalas or 
Kalamsas, 


Verse 44. When the Sighra anomalies have parti- 
cular values, fo decide when fhe planets rise or set helia- 
cally, we have to take the difference of those particular 
values and the numbers given above for the respective 
Sighra anomalies, convert them into minutes of arc and 
divide the results by the daily motion in the Sighra ano- 
malies in minutes of arc. Then we have the number of 
days in which the rising or setting takes place thereafter, 


Comm, Suppose it is required when Mercury rises in 
the West. Suppose we want to compute this on a parti- 
cular day when Mercury’s S'ighra anomaly is x°. Then 
because we know that Mercury rises in the West when hia - 
Sighra anomaly is 50, we have to calculate by how many 
days the difference | x —50 | of the Sighra anomaly would 
be covered. Let the daily motion of the Sighra anomaly 


be y' per day, Then by rule of three 1X—50 ! X60 will 
be the number of days before or after as the case may be 
for Mercury to rise in the West, 


Verse 45. To obtain the Mean planet knowing the 
True. 


Assume the True planet to be the Mean; compüte the 
Manda and Sighraphalas and applying them inversely, 
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we have an approximation of the Mean planets, Treating 
these as the Mean planets, again obtaining the Manda and 
Sighraphalas and again applying them inversely and 
repeating the process till constant values are obtained, we 
have by this method of successive approximation the Mean 
planets required. 


Comm. The method of successive approximation is 
clear. 


Verse 46. To obtain the equinoctial shadow. 


Convert the Ayanadmsas info minutes of arc, and 
divide by the mean daily motion of the Sun; then we 
have the number of days before the Masa or Tula Sam- 
kranti day, or before Makara and Karkataka Samkrants 
days, when the Sun will be in equinoxes or Solstices 
respectively. The mid-day shadow of the Sun cast by the 
gnomon on such an equinoctial day, will give us the 
equinootial shadow required. 

= 


Comm. The palabha or equinootial 
shadow as it is called is the length of 
the shadow cast by a gnomon taken 
to be of 12 units in length, (measuring 
fhe shadow also in the same units), at 
noon of an equinoctial day. In other 
words, if this shadow be of s units, 


clearly > = tang (Vide fig. 18). 


The Ayanamsas are the degrees of 
the arc of the ecliptic in between the 
Hindu Zero point of the Zodiac and the 
first point of Aries which is now behind the former due to 
the phenomenon known as the precession of the equinoxes, 
They are called, Ayanams'as because the solstices are also 
behind the Makara and Karkataka Samkranti points of 
the Hindu Zodiac or points which have Hindu longitudes 
470° and 90? resply, by the same aro. The Hindu astro- 


Fig. 18 
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nomers came to know that the solstices are preceding by 
observations made with the gnomonic shadow at mid-day 
around the solstitial days. The day on which the maxi- 
mum mid-day shadow is cast by the gnomon is the Winter 
solstitial day whereas the day on which the mid-day 
gnomonic shadow is maximum in the southern direction 
(assuming the place to be of northern latitude and 6 < o) 
or minimum in the northern direction (d >w) is the 
summer solstitial day. Calculating the Sun's longitude 
on that day at noon, we know how far the solstitial points 
have preceded behind the points of the Hindu Zodiac which 
have Hindu longitudes 90° and 270°. The word अयनांशाः 
has therefore the meaning अयसविलोमगत्यश्शाः where the 
Samasa may be viewed as a 


Verses 47, 48. Calculating the five fundamental 
H sines of a point of the Zodiac pertaining fo a point of 
the ecliptic. 


The declination has to be computed from the sum of 
the Hindu longitude of that point and the Ayanamsas. 
Similarly if it be required to find the time before or after 
the rise of a point of the ecliptic, we have to compute them 
from the sum of the longitude of that point and the 
Ayanamsas, 


‘Hsin 24° X Hein a_ i 


R 
H sin? § = H cos 8 = Dyujya II 
6 = Hain” (H sin 8) | III 
i X Hsin ð = Kujya IV 
XR 
H cos हे 
H sin" (Charajya) = Charam VI 


Comm. (1) Let rAC be the ecliptic where r = 
Vernal Equinox, A = first point of the Hindu Zodiac, 


in between r and ७, 
no& shown in the figure 
© = the Sun. Let rA = 
a? = Ayanamsas defined 
before so that r © =(a +4). 
From the spherical triangle 
roM, by Napier’s rule, 
sin § = (sin 4 +a) sine 
which in Hindu trigono- 
metry becomes H sin § = 
H sin (4 +a) X sine 
RENE CE 
In Hindu Astronomy the 
obliquity of she ecliptic was Fig, 19 
taken to be 24°. The value 
of the obliquity is now 23"-97' approximately and it has 
been know that this has been decreasing. At the time 
when the Hindu Astronomers observed this, it should 
have been greater than 23°-27’ so that if it was taken to be 
94°, their observations were not far from truth. This 
means that the antiquity of Hindu Astronomy might be far 
more than what the Moderns estimate it to be, 


(2) How the formula I was derived in Hindu tri- 
gonometry was as follows. Let ००४७७ the summer solstice 
ZC, OB, the perpendiculars dropped from <3 and © on 
the line of intersection of the Equatorial and Holiptic 
planes namely 7130. Let perpendiculars be dropped from 
०५ and © on the plane of the Equator. Let them be “SN, 


^^ AN 

OD, Join NC and DB. Then © BD = ZON = the 
dihedral angle between the two planes — e; CT = 

since in Hindu trigonometry H sin 90° = R. Also GN = 
H sin JE (in Hindu trigonometry) = H sine; OD = 
Hsin OM = Hsin; OB = Hsinro = H sin (4 +a) 
where 4 is the Hindu longitude of the Sun and a = 
Ayanamgas. It will be seen that OD is a segment of the 
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line of intersection of the planes PCM a plane perpendi- 
cular to the plane of the Equator, and o BD a plane per- 
pendicular to the Ecliptic plane. Since O 11 OB and 
शष 11 OD and BDO = CN = 90°, so the two tri- 
angles are congruent 


OB oD R X Hsin ð 
uad ee 4 = 27 O 
tna cl ee Hane 


Hsin 3 = H sin (4 Hein (4 3 s) Bein 


NO = ZL = ANOS — SN? = VR? — Hain? 8 = 


H cos ठे. ZL is called Dyujyà as explained below in 
note (8). 


Another way of looking at the similarity of the tri- 
angles CN and BOD is from the fact that they are 
formed by the intersection of parallel planes, both of which 
are perpendicular to the plane of the Equator, This idea will 
be elaborated when we explain fig. 21, wherein the so-called 
latitudinal triangles will be shown to be formed by the 
intersection of the plane of the Equator and planes of 
diurnal circles with the planes of the horizon and the 
prime vertical. In fact, the plane of a great circle and 
the parallel planes of the corresponding small circles form 
the same dihedral angle with the planes of the celestial 
sphere namely the planes of the meridian, horizon and 
prime-vertical so that right-angled triangles formed by 
their intersection will be all similar, 


Formula II is derived from the formula H ain 6 + 
H cos हे = R’ derived from fig, 6 from which formula 
formula III follows 
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| (8) Why Hoos हे is called Dyujya in formula II 
is clear from fig. 20 wherein p is the celestial pole, (C) is the 


P 


Fig. 20 


celestial Equator and (C) is the diurnal circle of a celestial 
body say the © ie. the Sun. Let ON be the perpendicular 
dropped from © on the plane of the Hquator so that 
ON Hsin OA H sin 6 CN H cos 8 = CO = 
radius of the diurnal circle called Dyujya (Dyu = day) 
य॒वृत्तत्रिञ्या = द्यज्या (Madhyamapadalopi Samasa) formulae 
IV, V and VI will be dealt with in the next chapter 
Tripragnadhyaya more elaborately but one has to under- 
stand what Charajya is to follow the subsequent verses of 
this chapter so that we shall give its location and defini- 
tion in the light of fig. 21. Let fig. 21 represent the 
celestial sphere in which SEN = Horizon, Z = Zenith 
N = Nadir Ez = prime vertical EQR = celestial equator 


Fig. 21 


PP’ = Polar axis, SBS’ = the diurnal circle of a celestial 
body S; EW = the East-West line, SS’ = Udayastasütra 
or the join of the rising and setting points S, S/. This 
SS! is evidently a diameter of the diurnal circle which is 
bisected by the plane of the horizon; PEP’ is called the 
unmandala or the Equatorial horizon. PSA is the decli- 
nation circle of S cutting the Equator in A. EA is called 
the charam whose H sine is called Charajya. The H sine 
of SB in the diurnal circle is called Kujyà so that as 
corresponding lines in the diurnal circle and the Equator 
tand in the ratio H 008 6: R, 
Kuiya H eos I 
Gharajyā R 
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In the beginning of the Tripraynadhyaya, Bhaskara says 
“ साक्षे देशे खगोळवलयानां, तिरशंच[नभगोळवळयानां च soraraaenftr 
Jagra, तान्यक्षक्षेतरसज्ञा ie. In a place having a 
latitude the diurnal paths of stars and planets will be 
inclined to the fundamental circles of the celestial sphere 
namely horizon, meridian and prime vertical and so their 
intersection gives rise to’ what are called latitudinal tri- 
angles, in which the angles would be d, 90-4 and 90 
where @ is the latitude. Thus in fig, 21 the projections 
of the triangles ESB, HDB, DSB, HDF, EBF, HSF and 
EQG on the meridian plane will be all triangles in which 
the angles will be 6, 90-06 and 90° so that they are all 
latitudinal triangles. These are all similar to the funda- 
mental gnomonic triangle gmn of fig. 18 wherein also the 
angles are 6, 90-७6 and 90°. Here, there is one important 
point to be observed. We have said “ their projections 
are all similar". In fact the corresponding spherical 
triangles enumerated above are all apparently similar, 
though they are not viewed in modern astronomy as 
regular spherical triangles, because all the three sides of 
the triangles are not arcs of great circles. It is not possi- 
ble to apply Napier’s rules to these triangles for the reason 
mentioned above. None the less, the property of simil- 
arity of the projected right angled triangles is made use 
of in Hindu Astronomy to obtain the magnitudes of the 
sides ‘of the projected triangles. 


EW is called the prak-pratichi sūtra, SS’ the Uda- 
yasta sūtra; similarly if lines through F, B, D, A parallel 
to EW be drawn, these sütras will intersect the meridian 
planes in- points which constitute the projected triangles 
mentioned above. Let us study these triangles which we 
connote by the same letters with lowered indices. Thus 
for example E, S, B, is the projected triangle of ESB 
where of course E, will be the centre of the celestial 
sphere. The lines drawn parallel to BS’ or HW through 
B, D eto. will be denoted as BB’, DD’, FFE’ etc. 


. 23 
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In the triangle E, S, B,, E, S, is called Agrajya, S, B, 
Kujya, and E, B, Krantijya. Of the sides of ESB. ES 
and EB are ares of great circles whereas SB is the are of 
a small circle. In the projected triangle E, 8, Bs, E, 8, 
will be equal to the perpendicular from S on Ew, which 
will be H sin (ES) and is called Agrajya ; E, B, will be 
equal to the perpendicular from B on Ew which will be 
H sin BE and as such called Krantijya. But S, Bi which 
is equal to the perpendicular from 9: on BB’ the diameter 
of the diurnal circle is the H sine of SB in the diurnal 
circle and is called Kujya. It will be noted that the per- 
pendiculars from S on Ew, and BB’ and the perpendicular 
from Bon Ew do not form a triangle by themselves but 
by the theorem of three perpendiculars, if SL be the 
perpendicular from S on the plane of the unmandala ie. 
the great circle EBP, and if LM be perpendicular from 
L on Ee, SM will be perpendicular on Hw. Here the 
perpendicular SL will be the Kujya, and SM the Agrajya, 
whereas LM is not actually the H sine of BE but is equal 
and parallel to it, 


Similarly take the spherical triangle SAE. This is a 
regular spherical triangle because the three sides are arcs. 
of great circles, Napier’s rules can be applied to this 
triangle and we have the formula sin SA = sin SE sin 


^ . T I ^ 
SEA or in Hindu form H sin 8A — S sin BE X H sin E 


or RH sin 6 = Agrajya X H cos ¢ ie, Agrajya = 
RH sin § 
H cos ¢ H 
s [] EN 
Again sin EA = tan SA X tan E where H sin EA is 
called Charajya and tan E = cot @ so that Charajya = 
tan ठे tan 6 in modern form, and the Hindu form is 
R tan ® tan d 
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Hom Kujya 
R Charajya 


Kujya = FO R tang tang = Hsirò tang III 


From I so that 


In Triprasnadhyàya, the elements of all the eight 
latitudinal triangles are found by using their similarity 
with the fundamental gnomonio triangle. The important 
elements that will enter into computation are (a) Charajya 
(b) Kujyà (c) Agrajya (d) Taddhriti ie. Si F, the proje- 
ction of SF on the plane of the meridian (e) Sama-S'anku 
= E, F, = Hsin EF (f) Krantijya = E, B, = H sin EB 
= Hsing (g) Lambajya = Hsin QS = Hoos ZQ = 
H cos ¢ (h) Akshajya = Hsin ZQ = Hsing (i) Bi D, 
= Ud-Vritha-S'anku = H cos ZB (j) Dinardha-S'anku = 
H cos Zq. The following points will be noted. 


(i) In the triangle E; Q G., the projected triangle 
of EQG on the meridian plane, noting that E, 
is the centre of the celestial sphere E, Q = R, 
QG: = Heosg and E,G: = Hsin ZQ = 
H sing. 

(ii) 8,f, = H sin SB + E sin fB (both the H sines- 
pertaining to the diurnal circle. 


(iii) Sama Sanku is the H cosine of the Zenith- 
distance when the Sun or celestial body is on 
the prime-vertical. 


(iv) BD is an arc of the great circle ZB, so that the 
Unmandala S'anku is the H cosine of ZB. 


(v) Dinardha — Sanku = H cosine ZQ. 


(vi) These S'ankus are the H sines of altitudes or 
H cosines of Zenith-distances and they are in 
the planes of the respective great circles, 
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(vii) Lambamsa-chapa is the are of the colatitude 
QS where S is the South point so that Lam- 
bajya is the H sine of QS or H cosine of ZQ. 
This Lambajya will be seen to be the diameter 
of a small circle parallel to the Hquator and 
passing through Z, 


Verses 49-51. A different method of obtaining 
chara, 


This chara can be had by the so-called chara-segments 
of the locality using a process similar to that of finding 
the H sines of the smaller table of nine H sines using 
- where 4 is the Sayana longitude of the Sun (i.e. The 
Hindu longitude plus the are of ayanamsas is called the 
Sayana longitude or the.modern longitude measured from 
yalong the ecliptic fo the Sun). Find the charas of 30°, 
60° and 90° of the ecliptic measured fromy. Subtract the 
first from the second, the second from the third.. Thus we 
‘have 080°, C60°-C30°, C90°-C60°, (where CQ° signifies the 
chara of 0°) which are called chara-Khandas or chara-seg- 
ments. The equinoctial shadow multiplied by 10, 8, 34 
gives the approximate values of the chara-segments in 
Vinadis (a sidereal day is divided into 60 nadis and each 
nàdi consists of 60 Vinadis) The chara-segments thus 
measured in Vinadis are rather approximate. If further 
exactitude is required, better take the arc in units each 
of which rises in ith of a Vinadi (This ith part of a 
Vinàdiis known as a prana i.e. the duration of the 
interval between two inhales of a healthy person reckoned 
as 4” of time). 


Comm. The charas of 80°, 60° and 90° of modern 
longitude are the values of the arc EA, (Ref. Fig. 21) 
when S has longitudes 30°, 60° and 90°. We have the 
folmula | l 


Charajya = Rian 86 tang 
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Taking the equinoctial shadow equal to 1 Angula 


means tan 6 = is. As charajyā is proportional to tan d, 
for any equinoctial shadow of s angulas, tan @ being 


equal to P the charajya got above is to be multiplied by 


S only to obtain the charajyà in any place where the equi- 
nootial shadow iss angulas. Putting the modern longitu- 
des equal to 30° & 60°, if the corresponding declinations 
be Q4, Bs sin ð, = sin 90 sin o, sin 8 sin 60 sin o, Tak- 
ing o = 24° and applying logarithmic tables 

log sin Q1 = 9.6990 + 9.6093 = 9.3088 so that 8,—11*—44' 
log sin 84 = 9.9875 + 9.6093 = 9.5468 so that 8200-38” 


Now from the formula for charajya cited above viz. 
H sine (chara) = R tan 6 tang or sine (chara) = 
fan @ tan ð, putting tan © = 7; and applying tables, 
using the values of 6 got above, l 


n ०_॥१4/ 
charajya for 30° = a 
/ a 28Q/ 
-and charajya for 60° = wa so that 


log (sine chara) = 9.3175— 1.0792 for 30° and for 60° 

log (sine chara) = 9.5758— 1.0792. | 
Chara for 30° or C (80)? = 59’ and © (60°) = 1° — 48/ 

Converting these arcs into bheir rising times at the rate of 

6’ per Vinadi, we have C (30°) = 10, and C (60°) = 18 


tan 24° 
T so that 


8,5694 so that 


Noting 63७, sin (chara) for 90° = 


| 


log sin (C 90°) = 9.6486 — 1.0792 

O (90°) = 29-8" = 212 Vinadis. 
Thus (C 30) = 10, 0 (60) —C (30) = 18 — 10 =8 

.C (90°) — C (60°) = 214 — 18 = 33 so that the chara 

Segments are respectively 10, 8, 34 as given by Bhaskare. 
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For a given place of equinoctial shadow equal to s", we 
have to multiply 10, 8, 34, by s, which will be the chara- 
segments for the place. 


The meaning of the first half of the verse 49 is as 
follows.—Let the equinoctial shadow for a place be 3 
Angulas. Then the chara-segments for that place are 30, 
24, 10. These are three in number for a longitude 4 of 
90°. If the longitude be 44° (say) then proceed as we have 
done to find sin 24°, using the method of Bhogya Khanda 
Sphutikarana with respect to the table of H sines namely 21, 
20, 19, 17, 15, 12, 9, 5, 2. Proceeding as directed the Sphuta 


- (9 X 14 7 7 
Bhogya Khanda for 14° is ( aor PS 30 TOES 28 
14 x 284 _ 2002 _ 133; 30 + 13} = 


30 150 
Proceeding according to the modern formula we have 
Charajya = tan © tan 6 where 6 = क, and sin ® = 
Bin 44° sin 24° 
log sin हे = 9.8418 + 9.6093 = 9.4511; 6 = 16°-26 
log tan 8=9.4693  .. log sin (chara) =9.4693+log tan ġ 
= 9.4698 + log =$ = 9.4693 — .6021 = 8.8672 


<. Chara = 4°-14/ = x — 49i Vinadis whereas we have 


got by the Hindu method 43$ which is near the truth. 


Verse 52. To find the durations of day and night. 


Fifteen ghatis increased or decreased by the Chara- 
nadis, according as the Sun is in the northern hemi- 
sphere or southern, gives half the day of the locality and 
the difference of 30 nadis and the above half-day gives 
half the duration of night. 


i: ) Comm. Ref. fig. 21. Let- S be the Sun rising in the 
hemisphere when his declination is north, Then 
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^ . ^M 
mon the figure APQ is the rising hour-angle— APE-- 
^M 
HPQ = APE + 90° where 90? correspond to 15 nadis. So 


N 

we have to add APE expressed in nàdis equal to the rising 
time of AE. Let us find the duration of the day for the 
place where s=3” and when 2 of s=44°; the latitude of 
the place will be 14° (from tables) when à 44°, we have 
found above that 42-20 Vinadis is the chara expressed in 
time. Hence half the day —15-42-90 or duration of day 
31-25; duration of night—28-35. 


Note (1) In modern sstronomy we have the formula 
cos h = — tan g tan § where h is the rising hour angle. 
Patting h = H+ 90° where H stands for the arc EA of 
fig. 21 cos (904-H)— — sin h = — tan $ tan à so that 
sin H = tan ठु tan ð ie. Hsin (Chara) = R tan 6 tand 
which accords with the formula found before. The word 
chara used for EA means etymologically tfaasarcaaa Ra- 

> विकार: ie. the variation in 15 ghatis of the eqiunootial 
half-day on account of the Sun’s variation in declination, 


.(9)If d$ = 0, Chara = 0 so that duration of half- 
day is 15 ghatis ie. on the terrestrial equator, whatever 
be tbe Sun's declination, the length of the day will be 
always 12 hours. 


(3) Let 8 — 080 that chara =O ie. whatever be 
the latitude (provided d + 90-8 as we shall see shortly). 
the day and night will be each of I2 hrs. 


(4) Let 8 be negative, so that the aro connoting 
chaaa ie, EA will be above the horizon, and consequently 
the duration of half-day will be less than 6 hrs. by the 
time that is taken for HA to rise. This can be seen other- 
wise also as cos h = — tan @ tan 6 = + ve so that h<90° 
which means half.day is less than 6 hra. 


(5) We could also treat the case when @ is negative, 
but as this case is not in the purview of Hindu Astro- 
nomers who had only India in their mind and as such 
were concerned primarily with positive latitudes. If, how- 
ever, we consider a negative latitude, when हे is ++ ve, cos h 
will be positive and if © is — ve, cos b will be negative. 
This means that when the Sun is in northern latitudes, the 
southern latitudes will have their day less than 12 hours 
and when the Sun is in southern latitudes, their day will 
be greater than 12 hrs. 


Fig, 22 

(6) Let 6 + हे = 20% (Ref. fig. 22) ie. imagine 
the Sun to rise af N, the north point so that RN + NP = 
ठे +d = 90°. Then the Sun’s diurnal path will be entirely 
above the horizon, which Weans that what is called 
* perpetual day’ begins for that place on that day and lasts 
as long as 6 > 90 — d. For the same place, let ò = 
— (90 — 4g) = QS. In this case the Sun sets at S, and 
what is called perpetual night begins and lasts fill the 
southern declination of the Sun is greater than 90 — ७. 
The duration of perpetual day can be found as follows 
which applies to the perpetual night as well. 


Fig. 23 
(Ref. fig. £3). Let A be the point at which the 
declination is 90— q ; let S be the summer solstice and let 
B be the point where again the declination is equal to 
90—d. So long as the Sun traces the are AB=2 AS= 
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(90—7A), there will be perpetual day. But sin § = sin 4 
sin ७ so that sin 4 


= 228. Putting à = 90 — $, sina = 0086 , 


Sl Sin w í 
Sin 4 = sin YA = cos AS .. cos AS = C05 O Ó 
Sin e 


.. 2 AS = 2 cos” (८४४) . Supposing AS expressed 


in degrees and assuming the Sun goes along the ecliptic 
with uniform motion, since he takes 365} days to trace 


2 AS 365i 
° to f 2 AS, he t i = cU 
360°, to trace 8 takes 380 x 365% days 180 


X 6087 [o ०) which is the length of the perpetual day 


Verse 52, The correction known as Chara. 


The daily motion of the planet being multiplied by 
the chara expressed in asus and divided by the asus in 8 
day viz. 21659 and the result being subtracted from or 
added to the planetary position ati Sunrise according as 
the Sun is in the northern or southern hemisphere. The 
result is to be added to or subtracted from the planetary 
position at Sunset, 


Comm, The mean planets computed hold good at the 
Sun-rise at Lanka i.e. at zero latitude; they have to be 
converted to hold good at the local Sun-rise. In other 
words in fig. 21, the mean planet computed is B which is 
on the Lanka horizon, whereas we have to get S, the same 
planet on fhe local horizon. The position of S is earlier 
than that of B by the time interval indicated by the are 
SB which is measured by EA the chara because the 
position B on the Lanka horizon 18 later than the position 
Son the local horizon. If the mean planet moves in a 
day of 21659 asus by the arc denoting its daily mean 
motion, by how much does if move in the time of chara 
expressed in asus? The result is 

| Chara in Asus X mean daily motion 

24 21659 
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This result is to be subtracted from the position of B 
to get the position of S. If the position B/ which is the 
Setting position af Lanka, and if we have to get S’ the 
local setting position, in as much S' is later than B’ by 
the same aro, we have to add the above result to the posi- 
tion B’ to get S/, Here the asus in a day is given to be 
21659 and not 60 x60 x6=21600 because the mean daily 
motion is during the course of the Savana day i.e. the true 
solar day and not during the course of a sidereal day of 
21600 asus. The Savana day exceeds the sidereal by the 
time taken by the aro moved by the Sun during that day 
which is very approximately 59’. Since a minute of are 
of the Equator rises in an asu i.e. in 4”, so 59’ of the Sun’s 
motion is covered in 59 asus which is to be added to 21600 
asus of the sidereal day to get the Savana day approxi- 
mately. It will be noted that this correction of chara in 
the planetary positions is due to latitude of the place and 
if the latitude is zero, it need not be done. Also if § = 0, 
it need not be done, for, then, the Sun or the celestial 
body whose © = 0 will be rising at E itself in which case 
the chara HA will be zero, 


Verses 54, 55. The H sines of 30°, 60? and 90°, being 
squared and decreased by the squares of their respective 
declinations, the square-root of the differences being taken, 
and the result being multiplied by the radius, is to be 
divided by the respective H cosines of the declination, 
The first of the three results, the difference of the second 
and the frst and the difference of the third and the second 
will give us the rising times of what are called the Sayana 
rasis of Mesha, Vrishabha and Mithuna; their reverses 
will then give the rising times of the next three; then 
the original ones those of the next three and again then 
reverses those of the last three. 


Comm. There are twelve Rasis in the Zodiac of equal 
interval, Measuring from r, and taking aros of the 
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ecliptic successively each of 80°, we have what are called 
Sdyana Rasis or Rasis taking the Ayanàmsa into consi- 
deration or in other words measuring from r. On the 
other hand successive arcs each of 30? measured from the 
zero point of the Hindu Zodiac, constitute what are called 
the Nirayana Rasis, The words Mesa, Vrisabha eto. 
signifying the shapes of the constellations apply strictly 
to the Nirayana Ràsis. But nonetheless, by the conven- 
tion what is called Upachàra, we name the Sáysna Risis 
also by the same names. In as much as the zero-points 
of the Hindu Zodiacs is ahead of the modern zero-point by 
an aro Which is the arc of Ayanamsa or accumulated pre- 
cession, the words Sayana and Nirayana came into vogue. 
Once upon a time approximately in Varaha’s time or 
rather 499 A. D, the two zero-points coincided and then 
the Sayana and Nirayana Rasis were the same. Gradually 
on account of the phenomenon of precession r preceded, 
and today the distance between r and the Hindu zero- 
point is about 20°-30’. Of late, there has been a big 
controversy 88 to what exactly the arc is and the Calendar 
reform committee has adopted a value far more than what 
could be justified. The present author opines, that we 
have no right to seb aside a statement of no less an astro- 
nomer than Varahamihira who stated explicity ' आध्रेषार्घात्‌ 
दक्षिणसुत्तरमयनं रवेधेनिष्ठाद्यस , नूनं कदाचिदासीत्‌ येनोक्तपूरवशास्त्रपु, 
amarai सवितुः कर्कटकाद्यं सृगादितश्वाउन्यत्‌उक्ताभावो विकृतिः 
प्र्यक्षपरीक्षणव्यैक्तिः "ie. True itis that once upon a time, 
the Sun began his southern journey when he was mid-way 
the constellation of Aslesa and his northern when he was 
at the beginning of Dhanistha, because it was stated in 
ancient texts. (The allusion is to Vedanga Jyotisa 
where it was stated as such) ; but now the southern journey 
of the Sun begins from the point marking $ of the con- 
stellation of punarvasu which is the beginning point of 
the Karkata Rasi and his norther from the beginning of 
Makara i.e. from the point marking fth of the constellation 
of Uttarasadha ; there has been a change from what was 
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stated in the ancient texts; let people verify this by actual 
Observation". Accepting an Ayanamsa which goes 
against the statement of this great astronomer, who said 
that he observed and called upon others tio observe, is 
really unwarranted, especially when the adopted Ayanamsa 
of the Calendar reform committee goes on the basis of 
surmises and consensus. We shall deal with this topic 
in further detail in an appendix to this work, because it 
is a really important issue and has been wrongly solved. 
The importance of knowing the exact value of the are is 
clear when we observe that from the correctly computed 
planetary positions of modern astronomy this ayanams'a 
is being subtracted to give the positions measured from 
the Zero-point of the Hindu Zodiac. An error in the 
Ayanamsa therefore vitiates the positions obtained by the 
above method. 


Coming to the point, the problem on hand is to 
obtain the rising times of the Sayana Rasis at a place of 
zero latitude i.e. what are called Lankodaya times of 
Sayana Rasiis (Ref. fig. 21). Let rS = 30° so that rA the 
equatorial arc gives the rising time of rS. We could have 
the magnitude of this aro by the formula derived from 
Napier's rules namely cos ७ = tan q tana I, 

But as in Hindu trigonometry the tangent functions of 

angles are not used, Bhaskara gave the following formula 

Nsin’ 4 — sin? § IL 
७08 ® 

derived easily from formula I and the formulae cos 2 = 

cos & cos हे. III and sia ò = sinasine IV; for multi- 

plying the right-hand sides of I and III we have cos w 


Sin à = This formula could be 


sin d cose . ; | 
608 A = ——— ~~ 1.6, sin 2 GOS e = 608 sin 
fan A 0 i: 
: sin A COS w : 
<. sin @ = —— ———— V. But from IV sinew = 


cos Ò 
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sin aA CU ee 
IDO so that God w= 1— sn 86 _ 
sin å sin? 4 


um Jain? 4 — sin? छे. Substituting in V for cog o 


we have 
~H sin? 4 — H sin? 8 
H eos à 
dud uio wan wn D — sin 
sin 4 cos } 008 
H cos हे as stated. 


H sina Rh sin @ 


“my * we 


„~ n a >>“ “” 


Fig. 24 


But let us see how this formula was derived by the 
Hindu astronomers. (Ref. fig. 24). Let 7S be an are of the 
ecliptic equal to 2. Let SM be dropped perpendicular from 
S on the plane of the Equator so that SM = Hsin 6. 
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From M drop a perpendicular ML on r= so that SL will 
be perpendicular from S on r= by the theorem of three 
perpendiculars. SL = H sin 4. Also ML will be equal 
to the perpendicular from S on the diameter of the diurnal 
circle of S parallel to r= so that ML = SN = H sine of 
the arc in the diurnal circle corresponding to Kr 


. SW? = SL? — LN? = H sin? 4 — H sin? § 

^ SN=WAH sin? - Hsin? 

^ The length of the perpendicular from K on r= = 
NH sin? 4 — Hsin’ ® 

8% 

the diurnal circle and the equator stand in the ratio of 

Hoos @:R (Vide fig. 20). But this 14° is Hsing = 


REY HS 
H cos 8 


since corresponding lines of 


If द, ds, à, be the Right ascensions of the points on 
the ecliptic whose modern longitudes are 30°, 60° and 90°, 
expressed in asus, then Qi, ७ — Qi, ७ — a, will give the 
rising times of the ares of the ecliptic which stand for 
Sayana Mesa, Sàyana Vrisabha and Sayana Mithuna. 
The rising times of the next three Rasis will be the same 
in reverse order since Karkata is symmetric with Mithuna 
with respect to the Equator and similarly Simha and 
Kanya symmetric with Vrisabha and Mesa. The next 
three are again symmetric with Mesa, Vrisabha and 
Mithuna and the last three with Mithuna, Vrisabha and 
Mesa. 


Verse 56. The H cosines of the ends of the Rasis 
Karkata etc., being multiplied by the radius, and divided 
by the H cosines of their respective declinations, and the 
arcs of those H cosines being taken, subtract as before the 
preceding from the succeeding. Then we have the rising 
times of the Rasis beginning with Karkataka. 
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Comm. This is clear from fig. 24. If S be the end of 
Vrisabha, S/ in the figure denotes the end of Karkata 
fhem from the right-angled triangle SAP, 


^ 
sin S/À = gin SA = sin APS X sin PS = sin A'K Xcos SK 
sin AK = MLSS र्या sin S'A = oos S'a 
cos SK 
and cos SK = cos हे where @ is the declination at S. 


A/K converted into time gives the rising time of AS/ 
ie, Karkata. 
cos S’ 
cos à 
In tbe Hindu form, it will be 


Karkata-Rasi-Udayakala = Karkata-anta-Kotijya 
Karkata-anta-Dyujya 


. the rising time of Karkata — 


as stated. 


cos rS 
008 Ò 
from fhe formula cos 4- cos द cos Q. Thus, virtually 
the formula is a statement of the formula cos 4 = cos a 


In modern terms sin A'K = cos rK = 


^M 
cos ò. Aslo the formula sin AS’ = sin P sin PS is 
parallel to the formula sin ò= sin 4sin o which we 
proved already from Hindu methods, 


Verse 57. Still an alternative method. 


The H sines of Mesa etc. being multiplied by 
H cos o divided by their respective H cos 8’s and the 
arcs thereof being subtracted as before the preceding from 
the succeeding we have the rising times of Mesha eto, 


Comm. From figure 24, 


SN = SL cos LSN and —È = perpendicular from 
cos SK Ko 
, n 
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SL cos ® _ H gin rK. SL = H sin rS 
cos हे 


H sin rK = H sin 79 X H POS @ 
H cos à 
We proved the above in a modern way. The Hindu 
concept is derived from the similarity of SML and AOM’ 
where C is the centre of the sphere and M’ is the foot of 
the perpendicular from A on the plane of the equator 
LM _ SL _ उ 608 ७ X H sin 7S 
= n . LM = —— EE 
CM’ CA R 
Since LM = SN. 
LM divided by H cos हे and multiplied by R gives H sin rK 
H cos > Hsin 7S R 


H sin rK = rm HeosS | 
H cos 7S X H cos w 
H cos हे 
ie, Hsing =H Sin 4 X H cos o 


H T 


Here H cose is called Trigrha-dyu-maurvi because 
it is the H cosine of the declination of 2 when 4 = 90°, 


Verses 58,59. The magnitudes of the rising times. 


Those rising times are 1670, 1793, 1937; these in the 
same and reverse orders diminished or increased by their 
respective Chara segments which are also in the same and 
reverse orders give the rising times of the Sayana Rasis 
beginning from Mesa for the locality. The Rasis from 
Tula are in a reverse direction i.e. as the Mesa is proje- 
eting upwards above the horizon, Tula will be projecting 
below the horizon so that, the time taken by Mesa to 
rise is exactly the time taken by Tula to set. 


Comm. We shall compute the rising times of 
Sayana Basis for Lanka first i.e. for zero latitude using 
modern methods from the formula tan a@ = cos w tan 4 
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log tan a=log cos o--log tan 4; Put 4,=80, and 4, = 60 
and take o = 24°; Let the corresponding @’s be ay, Qa 


log tan a, = log cos 24 + log tan 30° (1) 
log tan a, = log cos 24 + log tan 60° (2) 
log tan a, = 9.9607 + 9.7614 = 9.7221 
a, = 27° — 48’ 
log tan a, = 9.9607 + 10.2386 = 10.1993 
a = 610 — 49 


At the rate of 1 asu for 1’, a, = 1668 asus a, = 3462 
ad, — 0, = 1794 and since a, = the right ascension of 90° 
Longitude = 90°,a,= 5400 so that a, — a, = 1938 
These are given by Bhaskara as 1670, 1793, 1937, the first 
exceeding by 2 asus, the second and third each less by 
one asu and the total according with the total. The rising 
times of Karkata etc. will be 1957, 1793, 1670, 1670, 1793, 
1937, 1937, 1793, 1670 respectively. 


Let us then find the rising times of these Saysna 
Rasis at a locality say of latitude 18°, Refer to fig. 21, 
Let 7S represent Mesa so that the rising times of rE is 
equal to that of 7S. But rE —rA — AE, We have seen 
rA = 1670 using Bhaskara’s value. Sin HA = tan 18? 
tan 6, where ò is the declination of S where 78 = 80°, 
Sin ð, = sin 80? sin 24°. 


log sin 6; = 9.6990 + 9.6093 = 9.3083 
oe Oi == 11° ga 44! 
log sin HA = log tan 13° + log tan 11° — 44 = 
9°3634 -+ 9.3175 = 8.6809 
BA = 2° — 45’ .. rH = 1670 — 165 = 1605 asus. 


Similarly for à = 60°, putting Qa Oa in the place of 
Q, 0, and proceeding as before rH =rA, — A,H; rA, = 
3463; sin HA, = tan 18° tan Qa sin ð = sin 60° sin 24° © 
25 
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. log sin 6 = 9.6098 + 9,9375 = 9.5468 
ड; = 20° — 30 
log sin HA, = 9.3634 + 9.5758 = 8.9392 
EA, = 4° — 69/ = 299’ 
rE = 8468 — 299 = 3164 asus 


Rising time of Sayana Vrisabha for the locality 
== 3164 — 1505 = 1659 asus. 


rA, = 5400, sin EA, = tan 18 tan Op = tan 13 tan 24^, 
log sin HA, = 9.8634 + 9.6486 = 9.0120 

EA, = 5° — 54’ = 354 asus 

rE = 5400 — 854 = 5046 

Rising time of Mithuna is 6046 — 3164 = 1882 asus. 


Before we proceed to find the rising times of Karka- 
taka, Simha and Kanya, we shall cast our previous proce- 
dure into the Hindu form. In fig. 21, let rS be the Sàyana 
Mesha. The rising time of rS is measured by rH, because 
when r is at E, Mesa is just about to rise and when r is 
in the position indicated, the extremity of Mesa namely 
B is rising. So if means that as rS of the ecliptic has 
risen, a portion rE of the Equator has risen. As time is 
measured by the arc of the equator which rises with a 
uniform speed, we measure the rising time of rS by the 
aro rH; but rE = rA — AE. rA is the Equatorial rising 
time of rS, because when A is at E, S will be at B i.e. 
À and S will then be on the equatorial horizon EB simul- 
taneously. Hence rÀ = 1670 as proved before and stated 
by Bhaskara. EA is the chara for 30°. The chara for one 
angula or inch (inch is here used technically, and does not 
mean what it means in ordinary parlour) as has been stated 
by Bhaskara and proved by us is 10 Vinadis. (Vide page 181) 
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But we have taken 18° as our latitude, so that tan d —.2309. 


$ 


Since 75 = tan d = .2909 — .. s = 92,7708; let us take 
this as 2.8" so that the charas 10, 8, 34 found for one inch 
are to be multiplied by 2.8 to give the local charas. They 
are in Vinadis, 28, 22.4, 93 or in asus 168, 134°4, 56; for 
convenience let us take 184.4 as 154, so that the charas 
are 168,134, 56. Thus the rising time of Sayana Mesa 
at this locality is 1670 — 168 = 1502 asus i.e. 250 Vinadis 
= 4-10 Nàdis. Then let rS now represent 60°, instead of 
subtracting HA from rA to get the combined rising time 
of Mesa and Vrisabha, the Hindu practice is to subtract 
the chara pertaining to Vrisabha from the equatorial 
rising of Vrishabha i.e. rE = 1793 — 184 = 1659 as got 
before. Here it must be noted that EA? is the chara not 
pertaining to Vrisabha alone but to Mesa and Vrisabha 
put together, That is why for ease, the chara to Mesa, 
the increase in chara for Vrisabha, and the increase in 
chara for Mithuna as well as their individual equatorial 
rising times are given. The increments in the charas are 
called chara-khandas just as the increments in the H sines 
are called Jya-khandas (khands means segments). Simil- 
arly the rising time of Sdyana Mithuna is equal to 1937 — 
56 = 1881 asus = 313.5 Vinadis = 5-14 Nadis. Now with 
respect to Karkataka, its equatorial rising time is 1793, 
for, from fig, 25, the equator at the equatorial place being 
prime Vertical, if rM. be Mesa, its time of rising is given 
by rE where E is the foot of the declination circle of M. 
Similarly if MV represents Vrisabha, when V comes to 
the horizon, N the foot of the declination circle comes to 
the horizon. Thus the rising time of any are of the 
ecliptic at an equatorial place is given by the correspond- 
ing aro of the equator, which is intercepted between the 
declination circles of the ends of the arc. So from fig. 26 
if red = be the equator, ED. = the ecliptic, A the 
Ayana or Summer solotice, P the pole rH, ED, DA eto. 
the Sayana Rasis Mesa etic. a, b, o etc, the feet of the 


F 
/ i \ 
f " 
D Y f 
jf E 2 
/ S 
d E i 
"i | \ | 
i i 3 i 
8 gl \ : ME í P 
| E Yu 4 
| 
aN 
हे च ह 
bw | “ 
क lo 
"O 
Fig. 23 
P gd | S 2 
/ i | j 
/ / jf | 1 
REFER 
n दाते. SRR | 
FA «rt aah j T e ra क, ch . \ 
^Y f f A e b Tia 
€ SR $ i १ ee ee कळी 3 a. | id 3 je = 
a è : T 
ez A P Cy 
ध्य €, tor 
Fig. 26 


declination circles of A, B, C eto., since PAE is secondary 
both to the ecliptic and equator (i.e. perpendicular circle) 
spherical triangles PAD, PAB are congruent; PBC, PDE 
are congruent and PC = is congruent with PE v. Hence 
ab = ad i.e. rising times of Karkataka and Mithuna are 
equal; bo= de i.e. those of Simha and Vrisabha are 
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equal and similarly those of Mesa and Kanya. It will 
be noted that the equatorial risings alone are equal in the 
above cases but not at any other place, for in a place with 
some latitude when a point like B (fig. 26) comes to the 
horizon, the foot of its declination circle namely b will 
not be on the horizon and there arises the chara in bet- 
ween, which has to be taken into account, and be subtract- 
ed from or added to the equatorial rising time as the case 
may be. 


Now regarding the chara-khanda of Karkata if is 
again 56; why if should beso is not proved by Bhaskara 
but merely stated, nor any commentator took the pains to 
prove. It can be proved as follows. Let in fig. 26, 
Òr Os, Os be the declinations af the ends of Vrisabha, 
Mithuna and Karkataka respectively. We know 8, = छे. 
The chara-segments for Mithuna and Karkataka i.e. when 
Mithuna and Karkataka are rising are to be proved to be 
equal, here 56 asus. Their expressions are tan ġ tan 6, — 
tan @ tan ò, and tan 6 tan ð, — tan g tan ð, ie. tang 
(tan ða — tan ð) and tan 6 (tan 6, — tan Os). Since 
O1 0, We perceive that they are equal but of opposite 
signs. So Bhaskara says rightly “ अपचीयमानत्वात्‌ धनम्‌” 
i.e, because of negative sign, the chara-segment of Karka- 
taka while being subtracted will be rendered positive’. 
Hence the rising times of Karkataka, Simha and Kanya 
will be respectively 1937+56, 1793-134, 1670-+-168 asus 
or 1998, 1927, 1838 asus or 332, 321, 306 Vinadis or 
5-32, 5-21 and 5-6 nadis. Thus, in as much as the rising 
times of Mesa to Kanyà are 1670—168, 1793—1834, 
1937—56, 1937--56, 1793+134, 1670+-168 their total 
is 80 nadis as should be expected because the equator 
bisects the ecliptic between r and = and the equatorial 
interval between r and = is 30 nadis. It will be noted 
that while the equatorial rising times of Mesa to Kanya 
are symmetrical as 1670, 1793, 1937, 1937, 1793, 1670, 
their rising times at any other place are not like that but 
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constitute a different. kind of symmetry as 1670— 168, 
1793-184, 1937—55, 1937-55, 1798+134, 1670--168. 


We have now to comment upon the statement 
“ तुळादितोऽमी च विछोमसंस्याः which means that the rising 
times from Tula to Mina are in the reverse order i.e. the 
rising time of Tula equals that of Kanya; that of Vris- 
chika equals that of Simha and so on the rising time of 
Mina equalling that of Mesa. Thus the rising times of 
Tula to Mina being in the reverse order are 1670+168, 
1798+154, 1937+655, 1937—55, 1793—134, 1670—168 
for the aforesaid locality. Why it should be so can be 
easily seen from the fact that Kanya and Tula are sym- 
metric with respect to the line r= which bisects the 
ecliptic (Ref. fig. 27), Or again we can see this in another 


Fig. 27 


way; the chara-segments are successively (tan 6 tan 8, — 
tan @ tan 0), (tan @ tan O,—tan ¢ tan 84), (tan @ tan o— 
tan dj tan ða), (tan 6 fan 6,—tan d tan w), tan 6 tan d,— 
tan @ tan Os (tan @ tan 0—tan @ tan 81), (tan @ tan 8,— 
tan 6 tan 0), (tan 6 tan 8,—tan @ tan Ò), (tan @ tan w— 
tan © tan Bs), (tan © tan 85181 d tan o) (tan ¢ tan 8,— 
ban ġ tan ða), (tan © tan O—tan @ tan 81) where à, = 
declination of 30°, and ò, that of 60°, These are there 
as found before 56, 134, 168, —168, —184,—56 upto Kanya. 
But the remaining, though apparently are 56, 134, 168, 
—168,—134,—56 must be taken with a reverse sign because 
the rising point of the ecliptic will be to the south of the 
east point send © will be negative from 180? to 360? longi- 
tude. Hence the chara Segments are 56, 134, 168, --168, 
—134, —56, —56, —1834, —168, 168, 134, 56 so that from 
Tula onwards they are in the reverse order as Bhaskara 
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has stated. Bhaskara’s statement yet has another mean- 
ing. The ecliptic from 180° to 360 being in the reverse 
as Gan be seen in fig. 27, the time by which a particular 
Rasi rises, is equal to the time by which its seventh Ragi 
or diametrically opposite Rasi sets. It is important to 
note that the rising time of a particular Rasi is not equal 
to its setting time as can be gauged from the rising times, 
for, then the rising times of Mesa and Tula must be equal 
which is not the case. The word agaga: has this 
meaning 88 well, rising and setting being reverse directions, 


Incidentally there is what ig called a 

handed down i. a traditional statement which men- 
tions “ मीनमेषौ चतुर्नाड्य,: साधे बत्वारिगोघरी eto.” This 
clearly pertains fo the local rising times of the Sayana 
Rasis at a place of latitude 17?-45' i.e. in between 
Rajamundry and Vizianagaram, as in this latitude the 
chara Segments in asus will be 230, 184, 78 which give 
rise fo such rising times. 


We next find what are called Nirayana Swodayas i.e. 
the rising times for the locality of the Nirayana Rasis i.e. 
the Rasis from the zero-point of the Hindu zodiac. We 
shall obtain these magnitudes for Rajahmundry whose 
latitude is 17°~2'. We shall however take it as 17°; also 
we shall take the Ayanamsas to be 21° at present following 
Varahamihira. This is one of the contexts where the 
knowledge of Ayanámsas is essential. The method is the 
same as followed before; only, we have to find the decli- 
nations, right ascensions, charas and therefrom the rising 
times of ares of magnitude 21°, 51°, 81°...... 351°, Sub- 
tracting the preceding rising times from the following we 
have successively the required rising times. We shall 
give them under the following table. 
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In modern terms, the rising times of Rasis could be 
found by solving the spherical triangle rEA (fig. 28) using 
the Inner side inner angle formula namely 


Fig. 28 


008 z X 008 o = sing cot 4+ sin o tan 
sin x cot 4 RE cos zicos ७ = — sin o tan 
putting sin 2 = $, this reduces to 

t cot à — ४. — t? = — sin w ban 
or (t oof A + sin w tan ġ)? = (1 — t") cos 


t? (cos? e scot 4) + X sin e tan 6 cot à — 
cos? o = 0 


f = 
—sin whan , 6084 + , ०0 
cog? 
Putting successively a = 30°, 60°..-360° and ignoring 


the negative sign of the radical we have the sines of rising 
times of arcs of the ecliptic of 30°, 60° etc. Subtracting 


26 
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the preceding from the succeeding, we have successively 
the rising times. Thug the rising time of Mesha is 
V3 sin? o tan? @ + cos? (cos? o +3 —NV38inwtang II 
3 -+ 

That of Mesa and Vrisabha put together, the rising 
time is 
sin? w tan? dj +3 008 w (00800 + 3) —sinwtang III 

V3 (cos? w + इ) 


The combined rising time of the 3 Rasis Mesa, Vrisa- 
bha and Mithuna is from I using tables cos^' (tan o tan @) 
= 5046 asus which exactly accords with whai we have 
found previously namely 1505-+1659-++-1882= 5046. Also 
putting in I 4 = 180°, we have sin क्र = 0 or æ = 180° = 
10300 asus; subtracting 5046, we have the combined times 
of rising of Karkataka, Simha ahd Kavya to be 5754 asus 
as we kava had, Patting again 2 = 270, we have cos?" 
(tan w tan 6) = 27 — 5046 which signifies that the sum 
of the rising times of the last three rasis is the same as 
that of the first three which again means that the sum of 
the rising times of Tula to Dhanus is equal to the sum of 
the rising times of Karkataka, Simba and Kanya establish- 
ing Bhaskara's statement “ fax 


Verse 60. Computations of Lagna, Udayantara and 
the like from the rising times of big ares of the ecliptic 
like Rasis will be approximate, whereas one desirous of 
greater approximation has to find the same from the 
rising times of smaller arcs likes Horas and Drkkànas, so 
as $0 be more correct. 


Comm, Rasis divided into halves are called horas 
and if divided into one-third parts are called 
Drkkanas. The meaning of the verse is that if after 
having found the rising time of a particular Rasi say 
Mesa, we say that one-third of that rising time is that of 
one-third of that Rāsi, we will be making only an appro- 
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ximate statement just like saying that ‘Since 12 Rasis 
rise in the course of a sidereal day, so each rasi rises in 
1800 asus’ which is far from truth being based on a crude 
rule of three. So, Bhaskara says, Acharyas like Aryabhata. 
insisted on finding the rising times of Drkkànas, in as 
much, as while computing the Lagna cr the point of inter- 
section of the Eocliptio with the horizon, we will be nearer 
the truth by using the rising times of smaller ares like 
Drkkanas than broadly using those of Rasis, 


Verse 61. Bhujantara correction. 


The equation of centre of the Sun multiplied by the 
equatorial rising time of the Rasi occupied by the Sun, 
and divided by 1800, and then again multiplied by the 
true daily motion of a planet and divided by the number 
of asus in à day, is the correction in the planet positive 
or negative according as the equation of centre of the Sun 
18 positive or negative. 


Comm. This Bhujantara correction arising out of 
the Sun’s equation of centre is prescribed even for the Sun, 
as wellas for the other planets. The planets are originally 
computed for the rising time of the Mean Sun, whereas 
we are interested to know-the positions at the True Sun- 
rise. The position of the Sun also is originally computed 
for his mean rise and is therefore to be rectified to get his 
position af his true rise. So even the Sun is nof exempt 
from the correction. It will be noted here that as the 
equation of centre pertains 10 the eccentricity of the Sun’s 
orbit, this correction of Bhujantara is a correction for the 
so-called modern ‘Equation of time due to eccentrity’. 
In other words, the Sun's equation of centre converted 
into time is exactly what is called the Equation of time 
due fo eccentricity. 


The formula prescribed for the correction is as follows. 
Suppose the Sun is in a particular Rasi which rises at the 
equator in asus. Let the equation of centre of the Sun be 
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E minutes of arc. Then the equatorial rising time of H is 


E L] 
M asus because there ara 1900/ ina Rasi. We have to 


provide a correction in the planetary position inoluding that 
of the Sun for this time. If the planet goes Y/ during 
21659 asus of à day, what are is covered by the planet or 
ibe Sun in PX asue? The result is EXS x AE 
minutes of arc. This correction is positive if the equation 
of centre of the Sun is positive, for, we want the planctary 
position for a latter time than Mean Sunrise, since the 
positive equation of centre advances the True Sun over 
the Mean. This correction will be appreciable only in the 
case of the Moon having & rapid motion. 


Verses 62, 63. The correction known as Udayantara. 


The difference in minutes of arc in the longitude of 
fhe Sáyana mean Sun and the asus in his Right ascension, 
multiplied by the daily motion of the planet and divided 
by 21655 is the result fo be added to or subtracted from 
the planei’s longitude according as the asus in the Sun's 
Right ascension are greater or less than the minutes of are 
of his longitude, This is what is called Udayantara 
correction in the planetary position, 


Comm. (1) We bave seen that the Bhujintara is a 
correction in the mean planetary position due to the 
Equation of time in Hecentricity. 


(2) This Udayaniars is a correction in the same 
due to the Equation of time in obliquity, 


(8) Some have misconstrued that this Udayantara 
correction is the Equation of time in the obliquity itself, 
whereas ib is a correction to be effected in the planetary 
: position due to the Equation of time due to obliquity. 
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(4) The maximum equation of centre in the Sun 
l 32 1 41 १ 
has amagnitude= 197 x —={— X> = 
8 8 “Gx a Aaa 
Converting this into time at the rate of 15? per hour 
{since in one hour diurnal rotation of the earth is equal to 
18 : 26 

15?) we have X 4 minutes = a 8/—40". The mazi- 
mum equation of centre according to modern astronomy 
; m 1 E 
is 2e expressed in radisus where e — 80 (.0187389) = 


1. 180X 1, 21° -— 
radians = 2X50 X-—gg degrees -— c —84 - 


As such the max. Equation of time due to eccentricity is 


>>> 4' = — = 1—36”. The small difference in the 


wo values arises out of the difference in the max. equ- 
ations of centre. Any way it is clear that, in as much as 
the Bhujantara correction is necessitated on account of 
tke equation of centre in the Sun, fo obtain the planetary 
positions computed for the mean Sunrise at the time of 
True Sunrise, the Bhujantara correction is a correction in 
the planetary position, on account of the equation of time 
due to eccentricity. The max, correction io be effected in 


: 8 X 790 79 
even the quick moving Moon amounts to 34 x 60 "18 ^ 


(5) We have said in the translation of the verse. 
‘The asus in the Right ascention of the mean Sun’, 
where what exactly is stated by Bhàskara is, the time of 
rising of the small arc covered by the Sun in the particular 
Sayana Rasi in which the Mean Sun is, (भुक्तासव:) together 
with the rising times of the previous Sàyana Rasis covered 
by the Sun. The meaning is therefore the rising time of 
an are of the ecliptic equal to the Sdyana longitude of the 
ecliptic which is measured by his Right ascension at the 
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rate of 15° per hour or 6? per nadi or 10 Vinadis per degree 
or 60 asus per 60 minutes of aro or as many asus as there 
are minutes of arc in the right ascension of the mean Sun. 
So, what is stated by Bhaskara is the difference of the 
minutes of aro in the mean longitude of the Sun and the 
minutes of aro in his right ascension ie. (I—a) expressed 
in minutes. We know that the total equation of time 
arising out of unequal motion in the true longitude of the 
Sun ie. © in comparision with the equal motion in his 
right ascension ie. @ is measured by © —a which may be 
expressed as (6 —/)-- (L—&) where lis his mean longi- 
tude, © -- 1 = Equation of centre and so the time 
expressed by © —/ is the equation of time due to obliquity. 
The difference १-0 arises out of the obliquity of the 
ecliptic and so the time expressed by 7—a is the equation 
of time due to obliquity. We have the modern formula 


TEE tan d. that l— coso tan a — tan? - 
fan 4 1+cosw tan q--tan/ 
sin a —l 
sina +1 


Sin (a — 0 = tan? w/2 sin (a +1). Asa is very 
nearly equal to l, we could write, when expressed in 
radiaus q—l = tan’ o/2 sin 21. Thus the maximum 
difference between ७ and J arises when 21 = 90° ie. | = 46 
degrees ie, at the mid-point of the first quadrant; the mini- 
mum difference is when 2/—270 ie, 15136 ie. at the middle 
point of the 2nd quadrant. Also the numerical magnitudes 
of the max. as well as the minimum value are each tan? ०/2 
ie, they are equal. Since this is expressed in radiaus, 
converting into time the numerical value of the max. and 
minimum equation of time due to obliquity is 9.87’. Thus 
we can write /—a = 9,87’ sin 2l. Again where | = 225, 
2} = 450 so that J—qa will have a positive max.; and again 
when ! = 315, 2! = 680 so that J—q@ will have a negative. 
maximum value. Also when 1 has values 0, 90, 180, 270 it 
is zero. Thus the equation of time due to obliquity is zero 
atr, ie. the vernal equinox; -ve in the first quadrant. 
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increasing from zero to 45 degrees and then decreasing 
from 45° to 90^; assuming the value zero at 90°, then 
negative in the second quadrant negatively increasing from 
zero to a maximum as l increases from 90° to 135°, and 
then negatively decreasing from the maximum value to 
zero at the end of the second quadrant; again behaving in 
the 3rd quadrant as in the first and in the fourth asin the 
second, 


(6) It was stated by Mr. Mazumdar in his introduction 
to the Siddhanta S'ekhara of Sripati published by the 
Caloutia University as well as by pandit Babuaji Misra, 
the editor thereof that this Udayantara correction was 
first mentioned by Sripati, and it meant equation of time 
due fo obliquity, In fact Sripati states (Verse I ch. elevan) 


“seaman शुणिता रविवाहुजीवाऽमीएञ्रसेण विहृता, फलकासुकेण, 
बाहोः कलासु रहितास्ववशेषकं ते, याताखवो युगयुजोः पदयोः uua ^ 


l . .,H sin © H cos o 
l expressed in minutes — H sin^' "UMS express- 


ed in asus = what are called elapsed asus and are 4- ve, 
+ve, +ve and — ve in the successive quadrants. We saw 


Hsin © H cos o i TS 
before that H sin a = Hens so that Sripati 


meant | - a, the former expressed in minutes of arc and 
the latter in asus, or what is the same (J—qa) both expressed 
in minutes or asus. These give the gain of 2 over a. 
Immediately after this verse S'ripati goes to a different 
topic, and never mentions (as understood from the printed 
text) any further details as fo what is to be done with 
these Yatasus. Since Bhbhaskara says explicitly that for 
these Yatadsus, the planets are to be corrected, we may 
surmise that there should have been in S'ripati'a text also 
another verse detailing the usage of those asus. 


(7) We shall now attend to what Bhaskara gives by 
way Of explanation of the verses in question, The Ahar- 
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gana found by us is what is called Madhyama Savana- 
ahargana or number of days according to mean solar 
reckoning, a reckoning made on the basis of taking 
uniform motion of the Sun in right ascension, The 
planets computed for the Sun-rise on this basis, are to be 
corrected for the true Sun-rise which goes according to fhe 
measure of © ie, the true longitude of the Sun. But in 
the name of Bhujantara we have'effected the correction 
for © —1; so what remains is to effect correction for १ —a. 
This correction is known as Udayantara. 


In other words, since we could not compute the 
Sphuta Savana-shargans, when we deem that cz days 
have elapsed according to the mean solar reckoning from 
the epoch upto the mean Sun-rise 2 f might have 
elapsed according to Sphuta Savana-ahargaga where f 
is a fraction. A correction is to be effected for this 
fraction f of a day and if is of the form ©O—a = 
©—l+i—a. Inthe beginning Bhaskara said that mean 
planets are had being computed out of the mean solar 
ahargana, at the time when the mean Sun is about the 
eastern horizon of the equator. Why did he say ‘about 
the horizon’? It is because the mean solar ahargana 
indicates a Sun-rise on the basis of equal motion in right 
ascension whereas on the basis of equal motion in J, he 
would be about the horizon, Had we been able to compute 
Sphuta-Sdvana-ahargana, we could have got direct the 
planetary position when the true Sun is on the horizon. 
The correction for the difference in © and | having been 
attended to through Bhujantara, we are now to attend to 
the correction for the difference I—a. 


Verse 64, Another way of looking at the same. 


Had we obtained the Ahargana in terms of the local 
risings of the Rasis in the place of the equatorial, and 
computed the planetary positions for the local true Sun- 
rise obtained that way, we would have done the three 
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corrections namely Bhujantara, Chara and the Udayantara 
as well. 


Comm. The correction of chara arises out of the 
difference between the equatorial risings and local risings 
of the mean Sun. The local mean Sun pertaing again fo 
uniform motion along the celestial equator Udayantara 
has to be effected for J—a, ie. for the local mean Sun on 
the ecliptic. Thus we have obtained the planetary posi- 
tions for the local mean Sun-rise and to obtain them for 
the True Sun-rise, Bhujantara is to be effected. 


Verse 65. An alternative method of effecting the 
Udayantara correction. 


Double the H sine of the Sayans longitude of the Sun 
derived out of the smaller H sin~table, being multiplied 
by the daily motion of the planet and divided by 270 and 
the result in seconds of arc is to be corrected in the plane- 
tary position positive or negative according as the Sun is 
in the even or odd quadrants. 


Comm. (1) In symbols the correction indicated is 
m H sin 2l 

270 
minutes of arc, Z the longitude of the mean Sun, and 
H sine is taken where the radius=120. In the commen- 
tary under the verse, Bhaskara adds ‘Hach quadrant of 
the eclipse rises (at the equator) in ith of a day but 
each Rāgi does not rise in fs of a day. Since this 
Udayantara correction vanishes when the Sun is at the 
ends of quadrants it must be construed that this 
correction increases positively or negatively from the 
beginning of the quadrant to the middle and decreases 
from the middle to the end of a quadrant. Saying that a 
particular Ragi rises at the equator in  nadikas is only 
an approximate statement since the Rasi does nof rise 
uniformly. That is why astronomers like Aryabhata 


27 


where m is the planet’s mean daily motion in 
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stipulated finding the risings of smaller arcs like horas and 

- Fi H sin 2 X H cos w 
Drkkànas. ind EXE om "Ui E 
the asus in the aro of this H sine ie. find a in minutes. 
Then 1--९ gives the number of asus for which the correct- 
ion in the planetary position is to be effected, for, by 
these asus the True Sun-rise is accelerated or belated. In 
the middle of a quadrant these asus will be a little above 
26 Vinadis. To obtain them at any point of the quadrant, 
take H sin 27 as the argument so that the maximum correct- 
ion will be had at the middle of the quadrant by this 
argument. Then the rule of three is ‘If by 120 as radius, 
we have 26 Vinadis, what shall we have for H sin 27?’ 

H sin 2] X 26 Hain 27 

120 T gp 
Then another rule of three. ''If by 60 Vinadis we have 
m’ of the planetary motion, where the daily motion of the 
| H sin 2 p 


io, H sin œ. Take 


The result is approximately. 


planet is m°, what shall we have for UMP The 
. . Han xm... H sin 21 X m 
lt ee TINE Se san ace pei cd EE 0. T 

result is —zz Xa inutes 370 . Then 


the sign of the correction is clear. 


(2) We shall now prove Bhiskara’s statement that 
at the middle of the quadrant, the correction is 26 Vinadis, 
We saw above that /—a = tan’ w/2 H sin 27. It is really 
creditable on the part of Bhaskara to have seen by intuit- 
ion that the argument is Hsin 2l. The maximum 
correction is therefore tan’ w/2 expressed in asus or minu- 
tes of arc. Leta = tan’ w/2 


log a = 2 log tan w/2. Take w = 24 
Then log z = 2 x 1.3275 = 2.6550 
2 = '04519 radian = 155 minutes of aro ie. 


| _ 158 
166 asus = "ह = 26 apply. 
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(3) Taking the case of the Moon, the max correct- 


790 X 120 


ion amounts to 
270 


= 8 — 81", 


66, 67. The computation of Tithi, Naksatra 
and Yoga. 


The elongation of the Moon ie. the excess of the 
Moon’s longitude over that of the Sun in degrees. (In 
case the former is smaller, add 360° to if and subtract 
Sun’s longitude) being divided by 12 and 6, the quotients 
represent the elapsed tithis and Karanas. If the elapsed 
Karanas are K, count K — 1 beginning from Bava to 
get the current Karana and count from S'akuni to get 
the current one beginning from the mid-moment of 
Krsnachaturdasi. Take again the planetary position or 
that of the Moon in particular as well as the sum of 
the longitudes of the Sun and the Moon both expressed 
in minutes of arc and divided by 800. The first quotient 
gives the elapsed stars ie. the Stars covered by the planet 
or the Moon; whereas the second quotient gives the 
elapsed Karanas. Then take the remainders in seconds 
and divide by the respective daily motions in minutes i.e, 
in the case of the planets or the Moon divide by their 
respective motions and in the case of yogas divide by the 
sum of the motions of the Sun and the Moon. Then the 
results give the times in nādīs as to how much the next 
naksatra or yoga have elapsed. If it be required to find 
as to how long the next naksatra or yoga will last, 
substract the remainder from 800, and divide by the daily 
motions in minutes as mentioned above. The results 
give as to how many nadis beginning from the morning 
concerned, the next naksatra or yoga will last. 


Comm. (1) Alunation i.e. the time from the moment 
of New Moon to the next New Moon is divided into 
30 parts called Tithis. Their names are pratipat, Dwitrya. 
etc. upto the 15th purnima or full Moon and again 
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pratipat, Dwitiya etc, upto the 30th i.e. Amavasya or New 
Moon. Thus pratipat starts when (= © i.e, when the 
longitude of the Moon is equal to that of the Sun 1.6. 
from the moment of New Moon when the Moon is in 
eonjunetioniwith the Sun. अमा सह ्वसतः सूर्याचन्द्रमसावस्या 
मित्यमावस्या i.e. Amavasya is that point of time when 
the Sun and the Moon are together. Pratipat lasts 
till € = © 4-12*; then Dwitiya begins and lasts till 

= © +24; Thus purnima begins from the moment 
when (€ = © + 168 and lasts till € = © + 180° and 
Amavasya begins when € = © + 348 and lasts till € is 
again equal to © Thusa tithi is the time that is taken 
by the Moon to overcome the Sun by 12° beginning from 
the moment of New Moon. In other words the tithi is a 
measure of the phase of the Moon with a particular 
convention, 


(2) In modern astronomy the phase of the Moon or 


that of a planet is measured by the formula धक OE LER 2 द 
where P is the planet or the Moon. Since ES is almost 


> 


Fig. 29 


^ 
parallel to PS (Fig. 29) EPS may be taken to be nearly 


equal to PES which is the elogation of the planet or the 


1 — cos EPS | 
Moon so that phase = —— gC approximately. So 
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in modern astronomy also the phase is measured through 
the elongation. But the maximum phase in modern 
astronomy is taken to be unity as could be seen from the 


formula, for, when HPS = 180°, the phase = 1. Thus 
the phase multiplied by 15 gives approximately the tithi. 
We shall have occasion to deal with this topic later. 


(3) Suppose € — © = E°., The number of the 


E 
tithis elapsed is equal to the quotient -in Take the 


1 
remainder r°. Ii means during the current tithi which 
has a duration of 12°, 7° have elapsed. Let the daily 
motions of the Moon and the Sun be mands so that the 
Moon overtakes the Sun by m — s (expressed in minutes 
for convenience) during 60 nadis. The elapsed time of 


the current tithi in nàdis is given by AT . But 
r X 60 > 60 — Seconds of aro of the remainder so thab 
it is said “ ग्तेष्यविलिततिकाः ?. If it be required to find how 
many nadis the next tithi lasts, (12—7)? or (12—7) X 60’ 
is to be gained by the Moon over the Sun. So the time in 
Na (19.— r) x 60x 60 पष्यविलिष्तिका 

adis = ————————————— = ——————— 

m— s m —s 


(4) A lunation is again divided into 60 Karanas 
and so 6° of increase in elongation correspond to a Karana. 
These Karanas are eleven in number, out of which 4 are 
fixed to occur during the latter half of Krsna Chauturdast, 
during the two halves of Amavasya and the first half of 
the S'ukla pratipat. Their names are S'akuni, Chatuspat; 
Nagava, and Kimstughna. So there remain 56 halves of 
tithis during the lunation during which the remaining 
seven Karanas, Known as Bava, Balava etc. rotate eight 
times. Thus the first half of the duration of any tithi is 
covered by one Karana and the latter by another. The 
computations of Karanas proceeds a3 with respect to tithis 
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but dividing the elongation by 6, we are asked to count 
K ~ 1, (where K is the quotient) beginning with Bava 
because the first half of Sukla pratipat is covered by the 
fixed Karana Kimstughna. The computation of the elapsed 
as well as the remaining nàdikas of a particular Karana, 
it proceeds on the same lines as that of a tithi. 


(b) The Naksatra in which a planet or the Moon 
is situated is then found. The zodiac is divided into 27 
equal divisions beginning with its zero point and each 
division is named after the brilliant siar of that division, 
Those stars are Aswini, Bharani etc. The star occupied 
by the Moon has a special significance in the Hindu 
calendar, it being spoken of that every day is presided over 
by a naksatra. This happens so because the Moon's 
sidereal period is approximately 27 days. 


(6) To compute the Naksatra in which the planet 
or Moon is, take its longitude in minutes of arc 2; divide 


o 
by 800, since each star division consists of M = d 
minutes = 200’. The quotient gives the elapsed naksa- 
tras. To get the elapsed nadikas of the current naksatra 
or the remaining, let the remainder be r’, Then the 
proportion is ‘If during the day of 60 nadis, the planet 
or the Moon goes p minutes what time does it take to 
cover 7/ or 800—7'. The answer is 
r’X60  (800—2/)x60 
puo p छू 


(7) Regarding yogas, let the longitudes of the Sun 
and the Moon be © and 4 in minutes of aro; let their daily 
motions be s and min minutes, If the sum of the longi- 
tudes is 800/, we say the first yoga named Viskambha is 
over, if the sum is 1600’, the second Yoga, named priti 
has elapsed. Thus going on if the sum is 360?, we say the 
27 yogas have elapsed and the first again begins, Since 
the sum of the daily motions of the Sun and the Moon 
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are on the average 59/—8/-1-790/— 35/7 —8B50', to cover 
one Yoga, they take roughly one day since the duration 
of a yoga is of 800’. To get the number of elapsed yogas, 
divide (© +My) where M is the longitude of the Moon by 
(sm). To get the elapsed nadis which are given by the 
remainder r’ or the remaining nadis of the current yoga 
which are given by 800; the proportion is ‘If by sm 
gain in the sum of the longitudes we have 60 nadis, what 
time is indicated by 7’ or 800—2/?', The answer is 

r!x 60  (800— 7) x60 गतैष्यविलिपिकाः 

m+s ^. ms ms 
By the word गतैष्यविलिपिक्ाः is meant therefore the number 
of seconds of arc as many as fhe remainder v or (800—7) 
is in minutes or what is the same the remainder or 800—* 
converted into seconds. 


(8) The tithi, karana, naksatra of the Moon and 
yoga constitute four of the Angas of the panchanga or the 
Hindu Calendar the fifth being the week-day. All these 
five are supposed to have their effects good or bad on living 
beings. 


Verses 68, 69, The correction what is called Nata- 
karma. 


The Zenith distances of the Sun and the Moon at the 
end of Purnimàa or Amávásya at the time of lunar or solar 
eclipse, being expressed in nàdis, are multiplied by 6 to get 
the degrees. Let their H sine be got from the short table 
of H sines. Multiply it by the equations of centre of the 
Sun and the Moon. Divide by 4920, and 4361 respectively. 
If the Sun be in the Hastern hemisphere, let the result 
pertaining to the Sun be subtracted from his position; if 
in the Western, lef if be added to his position. If the 
Moon be in the Eastern hemisphere and if his equation 
of centre be negative let the result be added to his position; 
if the equation of centre be positive, let the result be sub- 
tracted from his position in either of the hemispheres, 
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Again from these positions, let the tithi be computed and 
again let the above process be carried out until a constant 
time is arrived at for conjunction or opposition. 


Comm. (1) The above procedure is accepted by 
Bhaskara as Agama enunciated by Brahmagupta and 
reiterated by Chaturveda as giving results that accorded 
with observation. We shall see that the correction known 
in modern astronomy as ‘correction due to astronomical 
refraction’ is indicated here, though it was not stated 
explicitly. 

In fact what was stated by Brahmagupta was that 
the periphery of the Manda epicycle given as 133° for the 
Sun and as 31-36 for the Moon hold good only on the 
meridian but the periphery of the Sun is to be increased 
or decreased by 20’ according as the equation of centre is 
negative and the Sun is the Eastern equatorial horizon, 
or western equatorial horizon. If the equation of centre 
be positive the reverse correction is to be effected in 
the periphery i.e. for negative equation of centre. 


Periphery on the Eastern equatorial horizon=14°—0 
On the meridian = 18*— 40! 
On the Western equatorial horizon = 189—920! 
For positive equation of centre 
Periphery on the Eastern unmandala i.e, 

equatorial horizon = 18°—90/ 
On the meridian ` = 13°—40/ 
On the Western unmandala = 14०--0 


In the case of the Moon, for negative equation of 
centre. 

On the Eastern unmandala == 80 — 44 

On the meridian = 81 — 36 

On the Western unmandala = 82 — 28 
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For positive Equation of centre. 


On the Eastern unmandala = 30 — 44 
On the meridian = 8l — 36 
On the Western unmandala = 80 — 44 


In between the meridian and the unmandala, pro- 
portion is fo be used. If by H sine Z equal to R, there 
is à difference of 20’ in the periphery of the Sun, what 
wil i& be for an arbitrary Hsin Z? The result is 

1 1 H sin Z " 

H sin Z X aX 190 3 ^ 860 " hen again another 
proportion ''If by 133° we have the equation of contre E, 
what shall we have for the above difference ?" 


The result ie T5380 Z 1X3 iH sin 


nd 


4l | | 4990 
E, H sin Z x 52 


Similarly for the Moon — 


60 x 120 x: 
E,XH sin Zx52X5 KH, Hsin अ H E, H ein Z 
60 x 120 x 158 ~ 56880/1838 4376 


which is taken as 4361 on account of approximating 
| Re b 
SI = = and then multiplying by 185 
1 1 ^ B 1 1 


CRIT. AT 
अशाच 


= 183 X 168 ˆ 31804 ^ 2180x4 ^ 4361° 


(2) In modern astronomy on account of astro- 
nomical refraction a celestial body is elevated towards 
the zenith by the formula K-tan Z where K has a 
particular value for all celestial bodies. Thus a body in 
the Eastern hemisphere, getting elevated the correction 
is to be negative and in the Western if is to be positive, 
We shall see how far the given correction accords with 
this. 
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(8) Consider for the Sun first for negative 
equation of centre. 


(a) On the east, the negative equation being 
increased, elevation is effected. 


(b) On the west, the negative equation of centre 
being rendered less, elevation is effected. 


(c) For positive equation of centre, on the east it 
being lessened, again elevation is effected. 


(d) For --ve equation of centre on the Western 
side it being increased again it is elevated, 


Thus with respect to the Sun, the stipulated correction 
effects elevation in all the cases which accords with the 
effect of the modern refraction. 


Then let us consider the case of the Moon. 


(e) In the case of negative equation of centre, it 
being lessened in the Hast, the effect is 
depression, 


(f) And being increased in the west, the effect 
is depression, 


(g) In the case of positive equation of centre, it 
being reduced in the east, elevation is 
effected. 


(h) And in the west, it being reduced, elevation 
is effected. 


Thus in the case of the Moon, the phenomenon is 
recorded as depression in the case of negative equation of 
centre. Out of these two cases again the equation of 
centre being lessened is truly desirable as the Hindu 
equation of centre is in excess of the true value. So it 
need not be interpreted as depression. Regarding the 
other case, the error might have been due to the fact that 
a lesser parallax being taken, whose effect is to depress 
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the celestial body, depression might have been noticed 
during the course of an eclipse wherein conjunction or 
opposition had to be belated; or again the greater equation 
of centre as was postulated for the Sun, than what it 
should be when his equation of centre was negative might 
have depressed the Sun, so thai the Moon had to be 
depressed to arrive at the correct moment of conjunction 
or opposition. Thus this correction of Natakarma which 
was accepted by Bhaskara on the reported Agama of 
Brahmagupta and also on the right endorsement of 
Chaturveda, must have been in fact no other than the 
effect of the phenomenon of astronomical refraction, and 
what further strengthens this observation is the prescri- 
ption of H sin Z which is proportional tan Z. Also the 
modern formula being A tan Z where A = 58” approxi- 
mately, when Z is sufficiently large, the magnitudes given 
by Brahmagupta are of the same order as that of the 
moderns. This correction of Natakarma really reflects 
much credit on the ancient Hindu observations. 


Verse 70. Computing the planetary position for a 
given moment. 


The daily motion of the planet being multiplied by 
the time that has elapsed or that is to elapse at which 
the planetary position is to be found, and divided by 60, 
and the result being substracted from or added to the 
planetary position found, will render the position hold 
good for the moment in question. The Sun and the Moon 
will become by this process of what is called तात्कालिकीव 
equal up to minutes for the moment of conjunction or 
opposition, For opposition only the Rasis differ whereas 
the degrees, minutes and seconds in their positions will 
be equal whereas for opposition, the positions are equal 
in all respects ie. Rasis, degrees, minutes and seconda. 
too. 


Comm, The meaning is clear, 
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Verses 71 to 75. Obtaining what are called Suksma- 
naksatras. 


The computation of the naksatras done as pres- 
cribed before, is only approximate. Now I shall give 
the method of obtaining what are called Suksma- 
naksatras as prescribed by the Risis that are required to 
note auspicious occasions regarding marriages, journeys 
eto. people who knew about it, told that the six stars 
Visakha, Punarvasu, Rohini, and the three Uttaras or 
Uttaraphalguni, Uttarasidhd, Uttarabbadra have the 
duration of one and half stars ie. 3/2 X 790’ — 35” = 
1185’ — 52”. The six stars Aslesha, Ardra, Swati, 
Bharani, Jyeshthà and S'atabhishak have half the duration 
ofa star ie, 395’ — 17”, The remaining 15 alone have 
one naksatra duration ie. 790’ — 35’, A star’s duration 
is the mean daily motion of the Moon ie. 190’ — 35”. The 
sum total of all the above 27 stars being subtracted from 
360°, give the duration of the star what is called Abhijit 
which occurs after Uttarasadha and before S'ravana. To 
obtain the star in which a planet is situated, convert its 
longitude in minutes of aro and substract the durations 
of the stars from As'wini as many as could be substraeted , 
The number of stars whose durations are thus substracted 
are deemed to have elapsed. The remainder is called the 
gata or elapsed portion of the current star and the 
difference of this gata and the duration of the current 
naksatra is called the Esya, ie. unelapsed portion. To 
obtain the elapsed time or the unelapsed time of the 
current star the gata or the ésya is to be multiplied by 
60, and divided by the daily motion of the planet 
concerned the result being in nàdis. 


Comm. One line in the verse 72 is evidently missing 
which should name Rohini and the three Uttaras. We 
are able to know them from Bhaskara’s commentary 
as well as from Brahmagupta and Sripati. In the course 
of the commentary Bhaskara reiterates what was stated 
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by Brahmagupta, that Risis like Puliga, Vasistha and 
Garga spoke about these Sukgmanaksatras. The 
duration of Abhijit calcalated as directed is 264’ — 18”. 
The computation as directed is easy for understanding. 
The reason for the durations indicated is not clear but 
is to be taken as based on Astrology. 


Verses 16, 17. The duration of the planets’ transit 
into new Rasis and the curation of the interval between 
successive stars, tithis, Karanas and yogas. 


The disc of the planet multiplied by 60, and divided 
by its daily motion gives the nadis of transit of the 
planet from Rasi to Rasi. This duration is considered 
to be holy for performing Vedic rites. It is the holiest 
With respect to the Sun’s transit in particular. A planet 
in its transit gives partly holy results not so much as 
the Sun, depending upon the nature of the previous and 
succeeding Rasis. The duration of Sandhi for tithis is 
got by dividing the disc of the Moon expressed in seconds 
by the difference of the daily motions of the Moon and the 
Sun; so also with respect to Karanas. The Sandhi 
between two Naksatras is obtained by the same measure 
of the disc of the Moon expressed in seconds of are being 
divided by the Moon’s daily motion. The Sandhi between 
two yogas is got by dividing the same numerator by the 
sum of the daily motions of the Sun and the Moon. 


Comm. (1) The Sandhi is the period that elapses 
during the transit of the disc concerned between the Rasis 
and naksatra divisions. With respect to tithi, Karana 
and yoga, the divisions are imaginary not being seen in 
fhe Sky and the disc concerned is that of the Moon, and 
not that of the Sun though the Sun’s motion is also taken 
into account. We say a transit from a division to another 
is current so long as the disc lies partly in the previous 
and partly in the latter, So the Sandhi begins when the 
disc touches the next division and ends when its hind part 
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touches the previous division. In other words it is the 
interval between the first contact of the disc with the 
succeeding division and the last contact with the previous 
division, 
/ 
(2) In the case of the Sun the duration of the Sans- 


‘Ll 


32 
kránti is equal to of & day taking the maximum 


59—2 
magnitude of the disc and the minimum daily motion 
6 5 
approximately = a X 60 nàdis = = = 04 — 12 
; 3224 
nidis approximately or more accurately 5611 
i 
1301 , 12 3903 
740 X688 ~ 6880 Of & day 
3903 | pins, _ 23418 7 nadika 
= 7688 ^ 6 nadis इए = 34—17 nadikas. 


Taking liberal boundaries, the वुद्धकारिका or the elders 
saying is विंशतिः पूर्वे, विंशतिः परे ie. 40 nadikas on the whole. 


Here ends the Spastashikara. 


3» 
THE TRIPRASNADHIKARA 
Verse 1. The purport of this chapter. 


Pandits say that this is the science of time in ag 
much as, herein there is described the method of knowing 
the direction and the point of space (where a celestial body 
is situated) given the time. Hence I expound that 
chapter, which gives that knowledge and which abounds in 
very important statements, which forms the quintessence 
of the science of astronomy. 


Comm. This chapter is called Triprasnadhikara, 
since this deals with the three questions pertaining to the 
direction and the point of space of a celestial body for 
a given time ie, dealing with Desa, Dik and Kala. In 
this chapter we come across the Hindu methods of 
spherical trigonometry, and gnomonics or Sankuvedha 
or observations with the help of à gnomon. Also we find 
herein a usage of what is called 'Golayantra' or the 
armillary sphere, which helped the Hindu astronomers to 
solve all diurnal problems. We find herein Bhaskara 
excelling himself. This chapter abounds in a good number 
of technical terms and without a knowledge of this 
chapter, no one could call himself a Hindu astronomer. 


Verses 2-4. To compute what is called lagna given 
the time. 


The lagna or the ascendant as it is called or the point 
of intersection of the ecliptic with the horizon at a given 
point of time is obtained as follows. Obtain the Sayana 
longitude of the Sun at the point of time at which it is 
required to find the lagna, Supposing the Sun is in the 
rth degree of a particular Rasi, the number of asus which 
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give the rising time of the arc of (80 — 7)° of that तिवडा 
are called the Bhogyasus, or the asus which are taken by 
the remainder of the Ragi to rise at the place, They are 


30 — T 
equal to. ME "e where T gives the asus of the 
rising time of that Rasi. The Bhuktásus on the other 
hand are fhe asus which pertain to the rising time of the 
arc of the first 7° of that Ragis, which are therefore 


equal to A ; from the given time substract the 


Bhogyasus formulated above; then substract also the 
rising times of as many subsequent Rasis as could be 
 gubstraoted. Let ‘R?’ be the remainder of the time 
given. If i be the rising time in asus of the next Rasi, 
R x 30* 
i 
has advanced in the next Rasi. These degrees added to 
the previous Rasis beginning from » the equinoctial point 
give the Sayana or the modern longitude of the lagna. 
From this Sayana longitude if we substract the Ayanamsa, 
we have the Nirayana or the Hindu longitude measured 
from the Hindu Zero-point of the ecliptic. If, however, 


the given time after Sun-rise expressed in asus say ‘a’ 


falls short of the Bhogyasus defined above, then, E m 


gives the number of degrees by which the lagna 


where J is the rising time in asus of the Rai in which 
the Sun is situated, added to the longitude of the Sun, 
gives the Sayana longitude of the lagna. 


Comm, The substance of these verses, though appears 
to be simple, yet is complicated which can be better under- 
stood with the help of a figure (Ref. fig. 30). 


Let SEN be the horizon, »ER the celestial equator 
and vAL the ecliptic where L is the point of lagna, 
Required to find »L the Sayana longitude of L from 
which if Ayanamsa be substracted we get the Hindu 
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longitude. Let »A, AB, BC, CD, DF be the successive 
Sayana Rasis called Sayana Mesa, Sayans Vrisabha etc. 
(The Nirayana Ragis also starting 
from the Hindu zero-point are called 
Nirayana Mesa, Nirayana Vrisabha 
etc. and if in Hindu Astronomy 
~ we use the words simply as Mesa, 
Vrisabha etc. especially in panch- 
angas ie. the Hindu almanacs, we 
have to construe them as belong- 
ing to the Nirayana or the Hindu 
system whose zero-point is called 
the first point of the constellation Aswini and nof r). 
rL = rD + DL = an integral number of Rasis, say, ‘n’ 
of them ie. n X 80? + DL, where DL is the are of the 
Rasi carrying the Laguna L. The question then resolves 
itself into knowing how many Ràsis precede ' D’ from r 
and what the measure of DL is. The data are (1) the 
Nirayana longitude of the Sun as computed by the 
methods of Hindu astronomy (2) The Ayanamsa of the 
year ie. ‘ro’ where o is the Hindu zero-point of the ecliptic. 
(8) The time after Sun-rise at the place, given in Savana 
units at which we are required to find the Lagna. 


Fig. 30 


Finding the Lagna at a given point of time at a 
given place is not only necessary in astronomy but its 
importance is more in what is called horary astrology 
or Muhürta Şästra, whose purpose is to fix an auspicious 
moment for the performance of marriages etc. as well as 
in astrology in casting a horoscope. 


The finding of the rising times of the various Rasis 
at the equator, as well as at a given place was dealt with 
in the previous chapter. Those rising times are found in 
sidereal units, a sidereal day being divided into 60 nadis, 
or 60 x 60 Vinadis or 60 X 60 x 6 asus. These units 
are of constant magnitude since a sidereal day, which is 
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the period of diurnal rotation of the earth is of constant 
magnitude. In the data given above, the time is normally 
given in Savana units, ie. mean solar units. A Savana 
day is of 60 X 60 X 6 + 59 asus, which is greater than a 
sidereal day by 59 asus because the mean Sun advance by 
59’ — 8" per day among stars and as such the Sun-rise the 
next day is belated by 59 asus approximately. The given 
time in Savana units could be converted into sidereal 
units as per the approximate ratio 21600: 21660 which 
means for every Savana nadi we have to add one asu or 
for every hour four seconds. Then the procedure of finding 
the Lagna will be a little different from what it would 
be if we proceed with the Savana units. The complex- 
ity mentioned before, arises out of the Savana units, 
and this has been explained by Bhaskara in Goladhyaya 
under the title तात्कालिकीकरणवासना in the beginning of the 
chapter called fausqaraat. Now the procedure will be 
explained. Let (Fig. 30) S’ be the position of the Sun 
at the Sun-rise and S his position at the time at which 
the Lagna is to be found so thst the Sun has advanced 
by S/8 ie. which measured in minutes of aro is called gati- 
kalas. In amean solar day these gatis-kalas would be 59, 
and in the given time after Sun-rise they will be 
proportional. The time given after Sun-rise pertains 
to the rising time of the arc S/L which we have in sidereal 
units. We shall first find the Lagna using sidereal unita 
by measuring BS’, so that we may latter understand 
Bhaskara’s reasoning for his stipulation of 

on which basis he finds the Lagna with the Savana units 
taking the position of the Sun at S instead of S. 


We know the position of the sun at sun-rise ie. 8’, so 
that the rising time of As’ ie. the previous are in the Rasi 
in which the Sun is situated is given by Bhuktasus defined 
above and the rising time of S/B the remaining aro 
of the Rasi is given by Bhogyasus. Subtract from the 
given time converted into sidereal units if they are not 
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sidereal, the rising time of 8’B ie. the Bhogyasus, whose 
: / z T 

formula is ED (indogrees) X 1 where T is tne rising 

of that Rāsi expressed in asus. Then subtract the 
rising times of as many subsequent  Ràs/is as could 
be subtracted te. here from the figure the rising times 
of BC, CD. Then there remains the rising time 
pertaining to the aro DL from which we could calculate 


the magnitude of DL in degrees by the formula 2X ay 
where ‘R’ is the remainder in time after subtracting 
the rising times of s'B, BC, CD and T the rising time of 
the Ràsi D.F. Then the longitude of L is rA + AB + 
BC + CD + DL = 4 x 30 + DL (In the figure shown 
rD cannot equal 4 Ragis but will be far lesa than that but 
for illustration alone, we have represented it as consisting 
of 4 Rasis). 


The method of finding the longitude of L as above is 
quite plain being done on the basis of sidereal units and 
taking the position S’ of the Sun at Sun-rise. But Bhaskara 
adopts the position S and Savana units which compelled 
him to take pains to explain what is called तात्कालिकोकरण 
or obtaining the position S from the Sun-rise position S’. 
In fact the Sun is at S at the time at which the Lagna 
is to be found and we have to find DL as before. 
The argument advanced by Bhaskara is that the rising 
times of SB, BC, CD, DL measured in sidereal asus, will 
be just equal to the Savana asus, from Sun-rise, because 
the arcs S'L and SL differ by S/S ie. by the gatikalas 
pertaining to the time after Sun-rise. Jn other words. if 
‘the rising times of S'A + AB + BC+ CD + DL in 
Bidereal asus give the sidereal time after Sun-rise, the 
rising times of SA + AB + BC + CD + DL in the same 
sidereal asus give the Savana time after Sun-rise. Hence 
Bhàskara used the word तात्कालिकाकेण in the beginning of 
the verse 2. Then he himself raised a purvapaksa or 
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the argument of an imaginary opponent namely ‘Is the 
time given measured after Sun-rise Savana (mean solar) 
or Naksatra (ie. sidereal)? Ifit be the former, how is it 
you are subtracting the rising times of sA, AB etc. which 
are sidereal from your Savana units? Further, should you 
not take the position of the Sun at Sun-rise namely 9/, 
because the time given is what has elapsed after Sun-rise ? 
Also, why should you complicate matters by accepting 
Savana units when the question is simple if dealt with 
sidereal units ? 


To this Bhaskara answers as follows — 


“ True it is, what you say. Generally in day to day 
life, time is given only in Savana units and not side- 
real. Further you cannot avoid Savana measure, for, 
in the case of an arc moved by a planet, in ifs diurnal 
circle time is measured in the Savana units pertaining 
to the planet. (The Savana units of a planet are 
different from what they are for the Sun depending upon 
the are moved by the planet in question during a day). 
These Savana units are what are termed Kshetra- Vibha- 
gatmiks or what depend upon the aro covered in the 
diurnal path in contradistinction to the Kala-Vibhagat- 
mika units or sidereal units. (In other words pure time 
is what is measured in sidereal units which is a standard 
measure, whereas time which has the bias of the motion 
of the planet also ie. which we seek to measure by the arc 
moved by a planet in its diurnal path, is Ksetra- Vibhagat- 
mika). Thus having had to accept the Savana measure 
also, we seek to proceed on that basis, though we could 
convert the Savana measure into the sidereal and 
proceed without complication ". The argument which 
Bhaskara gives for तात्काळिकोकरण is further as follows. 
The measure of the arc SL using the rising times in 
asus ie. sidereal units, is the Savana measure of the aro 
S/L done in sidereal units. Instead of subtracting the 
rising time of S’A from the given time converted into 
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sidereal, we subtract the rising time of SA from the given 
Savana time and the result will be the same, for, 

— SBA = — (S'A — S48) = S/S — S/A. which means 
subtracting SA from the time tantamounts to increasing 
by S/S and subtracting S/A. This increase by S'S is add- 
ing what have been defined as gati-kalas so that automati- 
cally the Savana units got converted into sidereal units, 
by taking the position 8 and subtracting SA instead of 
taking the position S/ and subtracting S'A, The result is 
the same. So, it is said ‘ तात्कालिकार्कस्थ in the beginning | 
of the verse 2, 


In the second case mentioned in verse 4, if the time 
æ x 30 
"T 
where z is the time given in asus and T the rising time of 
the Ràsi in which both the Sun and the lagna are then 
situated gives the arc in degrees which if added to the 
longitude of the Sun gives that of the lagna. Here also 

the position *S' counts. l 


given, falls short of the Bhogyasus, then simply 


Verses 5 to 64. To find conversely the time that has 
elapsed after Sun-rise given the lagna. 


The Bhogyasus of the Sun and the Bhuktasus of the 
Lagna together with the rising times of intermediate 
Rasis gives the time required. 


If the Sun and the Lagna both be in the same Rasi, 
then the aro in between them, multiplied by T and divide 
by 30, gives the time required. 


If, however. the longitude of the Lagna falls short of 
that of the Sun, ie. if the Sun be below the horizon, (in 
this case SL > 180°) then finding the time of rising of SL 
and subtracting from a day, we have the time of the Lagna 
before Sun-rise. 
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However, here. there is one complication if we 
consider the तात्कालिकाक ie. s the Sun at the given time, 
This position of s cannot be had unless we know the time, 
which is itself required. So we get in the first place the 
time pertaining to S'L, which is the time measured in 
sidereal units the position S’ being that of the Sun at Sun- 
rise. Jf we don't take recourse to convert this time in 
sidereal units to Savana units using the proportion 
between them, then the alternative is to obtain the position 
S using the time obtained and then calculate the time 
again in Savana units. 


If the time given to find the Lagna, be sidereal, it 
goes without saying that we find it from S^. Also 5 
being given and if the time after sun-rise is required in 
sidereal units for a given Lagna, the method of succes- 
sive approximation is unnecessary. 


Verse T. To find the Lagna before Sun-rise called 
Vilomalagna. 


Suppose it be required to find the lagna before Sun- 
rise, given fhe time before Sun-rise. Obtain the then posi- 
tion of the Sun and find his Bhuktasus; subtract them from 
the given time; from the remainder, subtract the rising 
times of as many Rasis as could be, rásis behind the Sun's 
position. If R be the remainder in the time after these 
subtractions, then R X 30/T where T is the rising time of 
is the next preceding Ragi, together with n X 30, where n 
the number of integral Rasis subtracted and the are 
of the next Rasi by which the Sun has advanced in his 
Rasi at the time of the Lagna (known from the position 
of S found) the sum total of these three items being 
subtracted from the position of S gives the longitude of L. 


. Comm. Easy. 


Verse 8. To obtain the East-West line. 
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The Hast-West line is roughly the join of the 
extremities of the morning shadow as; well as that in 
the after-noon of a guomon placed at the centre of a 
circle drawn on a plane with any arbitrary radius, 
when those shadows equal the radius of the circle, But 
this line is to be deflected keeping its western point ie. 
the extremity of the morning shadow fixed through a 
K (sin छे, ~ sin 8) 

008 6 
cular to it, where the above distance is measured in units, 
which measure K. 


distance at the eastern end perpendi- 


Comm. The east and west points are where the 
celestial equator cuts the horizon. The east point is 
thus the point where the Sun-rises when he is exactly at 
the vernal equinox, The question is how to draw the 
east-west line on a plane. For this we are asked to 
dsawacircle with any radius on that plane. The plane 
is described here as अस्भःसखुसमोऊतक्षिति that kind of sur- 
face as is determined by the surface of water there. Such 
a kind of surface forms approximately a horizontal plane 
not of course exactly because such a surface is really 
spherical, the earth being a sphere. But because the 
radius of the earth is sufficiently large, we can take such 
a surface to be a horizontal plane for all practical purposes. 
Having drawn a circle place the gnomon vertical at the 
centre, In the morning note the extremity of the shadow 
when it equals the radius, In the afternoon also mark 
the point when the shadow equals the radius. Join those 
fwo points, It represents rougbly the east-west line, 
roughly because the Sun’s declination changes in between 
the two moments however small the change might be. 
Ignoring the change in the declination, this line will 
be east-west because of the following reason. The length 
of the shadow is 19 tan z where 12 units are the measure 
of the gnomon, But since the shadow on both the occasions 
is equal to the radius of the circle z, the zenith-distance 
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will be the same on both the occasions. Then the spherical 
triangles PZS, and PZS, where P is the celestial pole, Z the 
Zenith and S, and S, are the positions of the Sun on the 
two occasion, are congruent their three sides boing respe- 
ctively equal, provided we take PS, = PS, ie. 90 — à, = 
90 — 8, ie. 8; = ð, on both the occasions. When the 
N N 

two triangles are thus congruent, PZS, = PZS, ie. 7: and 
S, are equidistant from the plane of the Prime-Vertical. 
Hence the extremities of the shadows will be equidistant 
from the East-West line; or this may be seen in another 
way; Si Ss will be perpendicular to the meridian plane 
and as such parallel to the plane of the Prime- Vertical. 


The correction mentioned in the verse is known as 
the Agrantara correction which was originally given by 
Chaturveda charya and then accepted by Sripati. Why 
it is called Agrantara is because it is a change in what 
are called Karnavrittdgras of the two occasions where we 
shall see in due course that the formula for Karnavrittagra 


, K sin l ; 
B. = where K is hypotense of the gnomonie triangle 


formed by the gnomon and its shadow S at any place and 
time. This correction is & very minute correction and 
as a matter of fact could be ignored. But the fact that the 
correction was cognized and correctly formulated testifies 
to the knowledge of the sphere which the above 
acharyas had. Assuming the formula of the Karnagra 
here (it will be proved by us later in this chapter) if 
Oi and 6 be the declinations on -the two occasions 


respectively the Karnagras will be $ A and EL. 
08 र 

K being equal on the two occasions because the shadows 

are equal. Hence the correction being the difference of 

K (sin 81 ~ sin छे) 

a RUE as stated by Bhas- 


the Agrās, it is 
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We shall now prove it in modern terms from the 
spherical triangle PZS. We have the formula sin 8 = 
Bin*j cos z + cos @ sin zsina where PZS = 90 — a, a 
being the Hindu azimuth measured from the Hast point. 
Multiply the above equation by K and divide throughout 
by cos @ where K is called the Chayakarna equal to 
N12 + S*, S being the gnomonic shadow at the moment. 
Hence | 

K sin ? 


cos 6 
j | 
f 


= Reosztian'g + K sin zg sin a (1) 


& 


Fig. 31 l Fig. 32 
But from Fig. 31, K cos z = 12, K sin z = 9, (2) 
and from Fig. 32, S sin a=b where b is called the 
Chayabhuja ie. Chayabhuja = K sin z sin a (8). Thus 


But again from Fig. 33, when © the Sun at vernal 
equinox is on the meridian and as such has a meridian 
zenith-distance equal to ठु, 19 tan dj = s where s is called 
the Vishuvat-chāyā or equinoctial shadow. Thus we have 
K sin ò 

coso — s + b (4). 

Again if the Sun be on the horizon, from Fig, 34, 

E © is called the Agra, A, so that from the triangle P 
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A © १०-& 


Fig. 34 


Fig. 33 


eos (90 — ®) = cos ठु cos (90 — A) ie. E ui sin À or 
in the Hindu form H sin A = R n — Agrajya (5). 


This Agrajyà is in a circle of radius R, and if it be re- 
duced to a circle whose radius is K, is will bey x rra 


= E which is called Karnagra, Hence we have 
Karnagra = s + b which we shall write as a = b + 8 (6). 
This is an important formula which is going to be 
formulated later in verses 72, 78. In the above formula, 
s being constant, by differentiating Oa = Bb which means 
that the variation in the bhuja is on account of the 
variation in the Karnagra. If in Fig. 35, Cw’, CE” be 
morning and evening shadows when they are equal as per 
the verse under comment, Mw!’ = b the morning bhuja, 
NE” = b’, the evening bhuja dE’ is the variation in the 
bhuja ie. b — b’ = हे० which is formulated and equal to 


K s 
oa. But ga = Jed - mc ¢ being con- 


stant and K also being constant because the shadow 

Sis constant and K = VS? + 12? = constant on both 
. K 

the occasions, .. 0b = BK = cos g (Bin ò: — sin ) 

a8 stated by Bhaskara. 


Fig. 35 


9, Having determined the Hast-West line a8 
mentioned, by drawing with a compass with the same radius 
on either sides of Ew (Eo is the East-West line through the 
centre of the circle drawn parallel to the rectified Hast- 
West line namely E’ w! where E" o! is the approximate 
East-West line obtained by the join of the extremities 
of the shadows) two arcs which intersecting each other 
form a fish-like enclosure as shown in the figure and 
as such called Matsya meaning a fish, and joining the 
ends of the fish namely f,g and producing fg, we have 
the south and the north points s sand m. Or again, 
the north-south line could be had from Fig. 36, where 
EO is a rod held in the direction of the north-pole 
as seen by the eye at eand HA and OB the lines indicated 
by the plumb-line called अवळस्वकसूञ्र A and B being on 
the plane and AB joined passing through N, the north- 
point. Or again the directions could be determined as 
follows from a single shadow 8 namely Co’ in Fig. 35, 
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calculating the bhuja w/M and Koti 
CM; Bhuja and Koti being known, 
and the shadow Cw’ being drawn, 
holding two rods whose lengths are 
equal to the bhuja and Koti perpendi- 
cular to each other, one extremity of 
the bhuja-rod being held at œ’ and 
one extremity of the Koti-rod being 
held at C, and the rods making a 
right angle at M, then the bhuja-rod 
determines the north-south direction 
and the Koti-rod the East-West dire- ! 
ction. Fig. 36 


Verse 10. The Bhuja is defined as the distance of the 
extremity of the shadow from the east-west line where 
the S'anku or gnomon is placed at the intersection of 
Eo and NS. Koti= '^?— è .. Koti will be in the 
East-West direction. So Chaya-koti = K sin z cos a (7). 


Comm. Easy. 


Verse 11. The Chayakarna, K is equal to NS’ 12°, 
so that /K* — 19* = S or /(K + 12) (K — 12) — S. 


Comm, Easy. 


Verse 19. The Sanku is also called Nara or Nā. 
The zenith-distance of the Sun at Noon when the Sun 
is in r is the latitude of the place, called pala or 
Aksha; the altitude then is called lamba or colatitude. 


Comm. The word Sanku we have previously used 
for the gnomon. It is also used for the H cosine of 
the zenith-distance and to differentiate it from the 
previous Sanku called Dwaddasdfgul’a-Sanku or 
twelve-unit-length Sanku, it is termed Maha S'anku 
and occasionally Ista-S'anku. Maha Sanku or Ista 
Sanku = H cosa (8) Thus in figure (37) OM = 
Heosz, In the fig. where gn = gnomon, go — S 


237 


the shadow, ©= the position of the Sun whose zenith- 
distance is Oz. If 2’ ba taken as the zenith Oz! meas- 
ures the zenith-distance whereas if z be taken as 
the zenith Oz is the zenith-distance. The apparent 
inconsistency that both Oz and On are taken 
as the zenith-distance is not there if we consider the 


AN ^P 
zenith-distance as the angle © nz’ = o oz OO =R, 


© z = zZ, so that OL = Hsinz, and LO = © M = 
H cos z = S'anku or Nara or Na. it is called Nara or 
Na which means man, because 
a man may consider himself 
88 8 gnomon, which is called 
Sanku. So the word is also 
applied to the parallel H cos z 
parallel to the gnomon and 
called Mabasanku. H sing is 
called Drigjya (9) zenith-dis- 
tance is known as Nati because 
it is depression from the zenith, 
© K (Fig. 37) is called the un- 
nati or altitude. 


Fig. 37 


Verses 18 to 17. Latitudinal triangles (Ref. Fig. 21), 


(1) The right-angled triangle formed by the 
gnomon, the equinoctical shadow and the hypotenuse 
called Vishuvat-karna is the fundamental latitudinal 
triangle, which is like knowledge that will be the basis 
of all good things of the world, for example, respect, 
money, fame and happiness (Fig. 33). 


(2) The second latitudinal triangle is that which is 
formed by Hsing, Hoos ġ and the radius R of the 
sphere (Ref. AO Q L Fig. 38). 


(3) The third latitudinal triangle is that formed by 
Kshitijya, S, B, Kranrijya E, B, and Agrajya E, 8: ie. 
the projected triangle E, S, B, of ESB (Fig. 21) on the 


Fig. 38 


plane of the meridian - where is the centre of 
the sphere. 


(4) The fourth latitudinal triangle is E, S, F, the 
projection of ESF (Fig. 21) on the meridian plane 
where E, F, is the Sama-S'anku or the S'anku of the 
celestial body when it is on the prime vertical. E, S 
is the Agrajyà as mentioned, S, F, is what is called 
Taddrti. 


(B) The fifth latitudinal triangle is E, B, F, where 
E, B, is Krantijya or H sin 8, E, Fi is the Sama- 
Sanku defined above and B, F, is what is called the 
higher segment of the Taddrti which is equal to 
Taddrti minus Kujya or Kshitijya. 


(6) The sixth latitudinal triangle is E, D, B, 
where E, D, is called the first segment of Agrajya, D, B, is 
what is called un-mandala Sanku or Heosz of the 
celestial body when it is on the unmandala or the 
Equatorial horizon and E, B, Krantijya. 
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(7) The seventh latitudinal triangle is D; Si B, 
where D. 8, is the second segment of the Agrajya, 81 Bi is 
the Kujya, and D; B, is the unmandala Sanku. 


(8) The eighth latitudinal triangle is B, L, अप 
where Bi L, is equal to the first segment of Agrajya, 
L: F, is the higher segment of Agrajya, L, Fi: is the 
higher segment of the Sama-Vritta-S'anku, and FiB, is 
the upper segment of Taddrti mentioned before. 


Comm. It was already mentioned that a latitudinal 
triangle is such a right-angled tri-angle constituted by 
the chords of the celestial sphere where the angles in the 
triangle are @, 90 — @, 90°. The side opposite to 9 is 
called the Bhuja, that opposite to (90 — 6) is called 
Koti and the third Karna, Such triangles are not only 
eight as have been mentioned, but many more will be 
there as mentioned by Bhàskara. They are all formed 
as mentioned by him by the intersections of the diurnal 
paths and the celestial equator with the circles of the 
sphere namely horizon, prime vertical, meridian, 
Equatorial horizon and declination circles. These 
circles clearly intersect at d or 90 — d. The eight 
triangles mentioned are those whose elements will be 
entering computations, There is another important 
latitudinal triangle with which we have to deal later 
namely that formed by what is called Hriti, Sanku, and 
S'ankutala (Fig. 99). 


O,K = Agra; O,C = Sanku-tala; CN = S'anku-bhuja 
= OK .. Agra = Sankutala + Sanku-bhuja 


_ H sin à. » 
Agra = R Bog Sankutala = H cos Z tan ¢ 


Sanku bhuja = Hesin z Heina (Ref. fig. 40’) 


> Hen O..q ja tan 4 Hein z H sin a 
in BB j ० R 
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Fig. 39 


or in modern terms sin हे = sin ठु. cos z -+ cos @ sin z sina 
as derived from the triangle PZS, Formula I is with 
respect to the Maha Sanku OL fig. 40; if it be reduced 
to the S'anku of the gnomon the S'anku-bhuja © N becomes 
the Chayabhuja pr which will be equal to 

Hon s em s X = = K sin z sin a whereas, | 


RHsin K_Ksi 
Agra becomes H cosg “SR cee Which is called 


Karnagra and S'anku-tala becomes 
X 
i 6 = 12 tan d = 
which is a constans quantity. It will be noted that 
Karnagra differs from point to point since K differs from 
time to time during a day. In fact Karnagra is the 
perpendicular dropped from the extremity of the shadow 


241 


on the line parallel to the Hast-West line and north of it 
ata distance of the equinoctial shadow. As the shadow 
varies from time to time Karnagra varies from time to 
time. Chayabhuja is the perpendicular dropped from the 
same extremity of the shadow on the East.West line. 
(Vide figure under verses 72, 73). 


Let fig. 39 represent the diurnal path of a celestial 
body which is parallel to the Equator. Let A be the point 
where the celestial body culminates or crosses the meridian 
of the place, B the point where it crosses the prime 
vertical, C any arbitrary point of the orbit and D the 
point where it is on the Equatorial horizon, unmandala. 
Drop perpendiculars from A, B, C, D to the plane of the 
horizon, namely Aa, Bb, Co, Dd. Let MO, O, O, O, L be 
the line of intersection of the plane of the diurnal circle 
with the horizon so that, LM is called the Udayastasütra, 
L being the point where the body rises and M where it 
sets. A line through D, the point where the diurnal path 
cuts the Equatorial horizon, drawn parallel Ew the East- 
West line will be a diameter of the diurnal circle and as 
such bisects the path. Draw perpendiculars from a, b, o, d 
to ML to meet it in O,, Os, Os, O, By the theorem of 
three perpendiculars Ao, Bos, Cog, Do, will be perpendi- 
culars on ML in the plane of the diurnal circle. It is 
clear from the figure that all these right-angled triangles 
8016, Bo,b, 0080, Do,d are not only mutually similar but 
also are similar to the latitudinal triangles, in as much as 

YN ON NHN 


the angles A, B, O, D, the angles between the vertical 
plane and the diurnal plane being. equal to the angle 
between the planes of the prime Vertical and the Equator, 
MN NNN 
are all ¢ and angles a, b, o, d are right angles. Hence 
these triangles are also latitudinal. In fact Bbo, Ddo, were 
already included by us in the list of the eight latitudinal 
triangles since they are congunent to E, F, S, and D, B, S.. 
As a matter of fact O,B is Taddhrti itself, O,D Kujya, 


3 
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Bb -- Sama-S'anku, and Dd unmandala Sanku. O,b is not 
actually the Agrajya but parallel and equal fo it, since 
Agrajya is the H sine of SE of fig. 21, which is the per- 
pendicular from S on Ew. Similarly do, is not the second 
segment of Agrajyà but a parallel and equal segment. 
Thus Bb is the perpendicular distance between EE’ and 
FE’ ie. Eo and a parallel through F to Ew (fig. 21.) 
Dd is the perpendicular distance between DD’ and BB’; 
bo, is the perpendicular distance between Ew and SB’; do, 
the perpendicular distance between DD’ and SS’ (fig. 21) ; 
Bo, the perpendicular distance between FE” and SS’; Do, 
the perpendicular distance between BB’, SS’. In this 
fig. 89, O-A is called Hrti, Co,=Ishta-Hrti or any arbitrary 
hrti. Taddhrti Hrti and Kujya are special cases of 
Ishtahrti. Hrti is the maximum of Ishtahrti. Calling 
Aa, Bb, Co, Dd S'ankus in general a0,, bog, C03, do, are 
called S'ankutalas. Aa is called Dinàrdha-S'anku or the 
Sanku of the mid-day; whereas Dd is the unmandala- 
S'anku and Bb Sama-S'anku. Ce is called Ishta-S'anku. 
Perpendiculars from A, B, C, D on the plane of the prime 
vertical are called S'anku-bhujas. Since B is on the 
prime-vertical itself, the S'anku-bhuja is zero and at 
this point BO, is Agrajya. In the arbitrary case at C, 
the perpendicular from C on the plane of the prime- 
vertical being S'anku-bhuja, which is equal to the per- 
pendicular from C on Hw, and Co, being the S'anku-tala, 
and since the perpendicular distance between ML and 
Hw is the Agrajya, which is equal to the sum of O, C and 
the Sanku-bhuja S'anku-tala + S'anku-bhuja = Agrajya. 
(10) which is a different expression of (5). We shall 
present this analytically. Putting S'anku = H cos z, and 


H cos z Co, Co, 


using the latitudinality of Coo, 19 ह ES. 


applying similarity with the first fundamental latitudinal 
triangle where s = equinoctial shadow, and K the 
Visuvat-Karna. Hence we have 
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H cos z CO8 Z 
H cos p 008 o 


Co, = Ishta-hrti = £ H cos z = (11) 


s 
Co, = S'anku-tala = jg Hoos z = H cos z tan p 


H cos z Hsin o BPO चिती) 


From the triangle PZS, we have the formula 
sin हे = sin p COS z--cos p sin z sin a written under verse 8 


E ; " F 
nm 7 cos z tan p + sin z sin a or in the Hindu form 


R sin à ET H sin 2 Aisin a L 


R sin 8 _ RH sin 


der verse 8 that = प्रमान 
We saw under COS 9 H cos p 


= Agrajyà (formula 5). Also we have from (12) above 
H cos z tan » = Sanku-tala, From fig. 40, if SM be drawn 
secondary to the prime-vertical, the right-angled spherical 
triangle SMZ gives 

Sin æ = sin z sin a when SM = wor in the Hindu form 
H sin g = nune a= = ; but Hsing we defined as 
S'anku-bhuja, so that the equation I above may be written 
Agrajyà = Sanku-tala + S'anku-bhuja which is (10). 
H sin a is called Dik-jya and H sin z, Drk-jya. Formula 
(10) or (6) is the Hindu expression of the modern formula 
sin $= sin p cos z + cos p sin z sina. But the beauty 
lies in reducing (10) to the formula derived under verse 8 
namely a = b + s ie. formula (6) to the horizontal plane, 
introducing the concepts of Karnagra and Chayabhuja 
(Ref. fig. 40’). The lines corresponding to 018 and O,C 
in the Equatorial plane are called Antya and Ishtantya. 


Fig. 40 
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Hrti = 018 = 00,4-0A 
= Kujya + Heos8 or 
Dhujya VI since 00, = 
DO, = Kujya. The line in 
the Equatorial plane cor- 
responding to  Kujyà is 
Charajya which is equal to 
R tan o tan हे (18) so that 
we can write Kujya = 
Rsin ð tan 9. sing tan p 
(13°). Also from VI 


Antya = R + Charajya 
= R + R tan o tan हे (14) 
which gives us the duration 
of half the day where R 
gives 6 hrs and Charajya 
the increment in day due 
to p and ले. 


Verse 18. To obtain the 
magnitudes of the various 
chords or the elements of 
the latitudinal triangles. 


The elements or the sides of all these latitudinal 
triangles are mutually derivable from similarity. 


Comm. Easy. 


Second half of Verse 18. The radius multiplied by 
the Kotis or Bhujas and divided by the Karnas gives 


H cos p and H sin g. 


Comm. The seven triangles except the second, of the 
eight latitudinal triangles are compared here with the 
second. Remembering Bhujas are the sides of the 
triangles opposite to ७ and Kotis opposite to 90 — 9, 
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Bhuja le Phu . | 

Tarps पफ triangle = x... in the second latitudinal 
: Hsnp , RX Bhuja : 

triangle = R i ^ Karna ] = H gin Q Akshajya 


Kot 
or Palajya (15) Similarly K in any triangle is equal 


H cos p 
R 


Kot 
to the Karna i the second latitudinal triangle = 


R x Koti ह 
so that म H cos p = lambajya (16). 


e. Theares of H sin p and H cos p are respec- 
tively the Akshamsas and Jambams'as as they are called ie. 
latitude and colatitude. Hsing and H 608 are also 
obtainable thus JR’ — H sin? p = H cos p and H sing = 


VR?—H eos! p Or again स es n = 008 ७ and 


H cosp X Bhuja ; 
pos E opm ७ where the Bhuja and Koti 


may belong to any latitudinal triangle. 


Verse 90. Agrajya can be had by multiplying Krantijya 
by Karna of any lat. triangle and divided by its Koti. 


Also Sama-S'anku — Bhui X Krāntijyā and 


Sama-S'amku X Karna 


Koti = Taddhrti. 


Comm. The first of these statements pertains to the 
similarity of the third triangles to the others. The second 
of the statements pertains to the similarity of the fifth 
latitudinal triangle to others whereas the third pertains to 
that between the fourth and the others. 
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Thus Sama:S’anku or 8.58, 
Hsing XR R sin ( 
Hsin o ० “sin p 
T H sin 6 R _ R sin 8 
addhrti = A gin p X H cos p  8in ७ COS ọ (18). 


Karna X Agrajya 


Verse 21. Taddbrti = 


Comm. This pertains to the similarity between the 
fourth latitudinal triangle and the others, 


Latter half of Verse 21 and first half of Verse 22, 
Taddhrti X Koti Agrajya X Koti 
Karna — Bhuja 

Sama-Sanku X Bhuja | 


Sama - S'anku = 


Comm, The first statement is made out of the 
similarity between the fourth lat. triangle and the others 
whereas the second statement and the third as well are 
made out of the similarity between the third and others. 


II half of Verse 22. Sama - Sanku = Uppor 
segment of Taddhrti X Karna 
Koti 


Comm, The similarity is between the fifth triangle 
and others. 


Verse 23. Kujya = Krantijya X Bhuja/Koti 
Krantijya X Koti 


Bhuja and 


Upper segment of Taddhrti = 
Kujya + Upper segment of Taddhrti 


Comm. The first statement is through the similarity 
of the third triangle with others, whereas the second is 
through the similarity of the fifth with the others. The 
third statement is clear from Fig. 21. 
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Kuiya X Bhuja 


Verse 94. Xa — gecond segment of 
. , Krantijya X Koti 
Agrajya EX = first segment of Agrajya 


and Agra = Sum of the two segments. 


Comm. The first statement is based on the similarity 
between the seventh triangle and others and the second on 
the similarity between the 6th and the others. 


First segment of Agra X Bhuja 
Koti 


= Un-mandala-S'anku and Krantijya X Bhuja 


Verse 25. 


= Un-mandala-S'anku. 


Comm. Both the statements are based upon the 
similarity of the sixth triangle and others. Thus un- 
Hsing x Hsing _ 

R 
= R sin © sin p. 


mandala sanku = U.S. = 


Verse 26 First segment of Agra X Koti 
Bhüja 
= Un-mandala-S'anku = Kujya X Koti/Karna. 


Comm. The first statement is based on the similarity 
of the sixth latitudinal triangle and others and second 
that between the seventh and others. 


Sama-sanku — unmandala sanku = upper segment of 
Sama-ganku. | 
Verse 27. Agra x Bhuja 
Karna 
Taddhrti — Kujya = upper segment of Taddbrti. 


= Kujya 
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. Comm. The first statement is based on the similarity 
between the third triangle and the others and the second 
statement is evident. 


Second half of verse 27. Other elements could be 
derived from what is already known and from what has 
been obtained. Also by alternando and invertendo we 
could pass from one element to the other and vice- 
versa. 


| 


Verse 28. Karna = N Bhuja? + Koti’ 
Bhuja = /Karpa? — Koti 


Koti = /Karna® — Bhuja’ 


| 


Thus the third could be had from the other two in all 
the triangles, 


.. Verse. There are sixty-three ways of obtaining H sin ¢ 
and Hsing. On account of hundreds of ways of 
obtaining Agrajyà etc., there are an infinite number of 
ways of obtaining H cos @ ete. 


Comm. Under verse 23 Bhaskara says that there are 
98 ways of obtaining Taddhrti, Taking the third latitude 
triangle, H sin हे conld be obtained in seven ways, from 
this H sin हे, Kujyà could be obtained in seven ways; 
hence, according to the principle of association namely 
that when one thing could be done in m ways and another 
in n ways, both the operations could be together performed 
in mn ways, so Kujya could be obtained in 7 X 7 = 49 
ways; similarly the upper segment of Taddhrti could be 
had in 49 ways; so that adding the two Taddhrti could be 
obtained in 98 ways. 


Similarly suppose we have to find Hsin ò H cos ¢ 
could be found in seven ways and from H oos ¢, H bin 9 
could be found in seven ways. Thus H sin g could be 
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found in 7 X 7 ways = 49 ways. From R, H sin p could be 
found in seven ways by using similarity with the other 
seven latitudinal triangles except the second. Also 
obtaining H cos p in seven ways and using the formula 


H sino = NR — H cos’ p we have seven more ways. 
Thus in all there are 7 X 7 +7 +7 = 68 ways. Similarly 
H cos p could be found in 63 ways. Extending this to 
Agrajya ete. which could be in as many or more ways 
themselves finding H sin p therefrom means again finding 
it in 69 X 69 ways and so on. Since there is no end in 
counting all these ways, it is said that there are infinite 
ways to find it. The word ‘infinite’ here connotes only a 
very large number of ways not exactly what we mean by 
the word ' infinity ’. 


Verse 30. To find what is known as Konpa-S'anku. 


As 8 first approximation take 
Kona-Sanku = NR’ — 2A* where A = Agrajya and Kopa- 
S'anku means H cos z when the azimuth is equal to 46°. 


Then take Agrajya + the above Kona-S'anku X RA = S'anku- 


bhuja = b (say) then again Konpa-S'anku = JR? — 2?*. 
8 


Then again take Agrajya + the above Kopa-S'anku X 13 


as the new bhuja and proceeding thus by the method of 
guocessive approximations, we arrive af a constant value 
which gives the Konpa-S'anku. 


Comm, Bhiskars gives later the method of obtaining 
H cos zie. the Sanku pertaining to any zenith-distance., 
So, he need not have given a separate treatment for this 
Kona-S'anku. But in as much as Brahmagupta and other 
previous writers gavo it he has also given the same. He 
gives here the method of finding the Kona-Sanku by the 
method of successive approximations as given by S'ripati. 

32 
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We saw before that Agra = Sanku-tala -+ 
bhuja. So, in the first place as a first approximation, 
Agra is taken as Sanku-bhuja. Since, when z = 46° the 
perpendieulars from the celestial body on the planes of 
the prime-vertical as well as meridian are equal, and since 
the perpendicular on the plane of the prime-vertical is 
called S'anku-bhuja = b (say) 200 = H sin” z. This is so 
because H sin? z = Sum of the squares of the perpendiculars 
on the planes of the meridian and prime-vertical. But 
H sin’ z=R’—H ocs z R?^—25"7 —H cos? z. So, taking 
Agra as the bhuja b as a first approximation, JR — 26° 
gives us H cos z. From this using formula III under 


latitudinal triangles namely H oos z X i3 = Sanku-tala, 


obtain the approximate Sanku-tala, from the approximate 
H cos z got above. Now using the formula Agra = 
Sanku-tala -+ Sanku-bhuja obtain S'anku-bhuja as Agra t 


Sanku-tala, where the +-ve sign is taken when the Sun 
has 4 southern declination, and the difference sign when 
the declination is north. Taking this S'anku-bhuja, b’, 
Kona-Sanku is now NR — 2d”. In the first place we 
took the Agra itself as the bhuja; but here we have a 
better approximation for the S'anku-bhuja. From this 
Kona-S'anku again, obtain a still better approximation for 
Slanku-bhuja and proceeding thus till a constant value is 
obtained, we have the required Kona-S'anku. This is a 
beautiful example where the method of successive approxi- 
mation was used by the Hindu Astronomers to a good 
advantage. It will be noted here that the Sanku-tala is 
always treated as extending south ie, the Sanku-tala will be 
south of the Sanku since India’s latitudes are all north. 
Also itis said that when the Sun has southern declination, 
A+S — B and when northern A — 8 = B when A = 
Sanku-Agra or simply Agra (in contradistinction to 
Karnagra reduced to a circle of radius K the chayakarna) 
8 = Sanku-tala and B = S'anku-bhuja. This convention 
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of signs is to be correlated with the modern. We have 
from the formula derived out of PZS, A=S+B. 
According to modern convention when हे is north, if will be 
taken to be positive and when a is to the north of the East 
point it also will be taken to be positive so that, (1) when 
© is north and a north, A=S+B ie. B=A—S; this accords 
with the Hindu convention namely ‘ सौम्येत्यम्तर्न ? (2) when 
‘® is south and a south, — A=S— B so that B =A + §; 
this also accords with the Hindu convention, namely 
याम्ये योगः (3) But, however, when हे is north and a 
south ie. when the Sun having northern declination comes 
to the south of the prime-Vertical, A = S — B so that 
B-—S8- A. This accords with the Hindu convention 
if only we take B= | A—S| when हे is north. 


Bhaskara makes two statements at the end of the 
commentary under this verse namely that when हे is south 
and A > 2431, there will be no Kona-S'anku and that 
when हे is north and s > 17” — 6// there will be four 
Kona-S'ankus. We have to verify these statements. The 
first statement is evident because H sin (Agra) > H sin 45° 
ie. > 2431’, no Kona-S'anku will be formed above the 
horizon because the diurnal path above the horizon will 
be to the south of the points K, K’ on the horizon where 
EK = 45° and wK’ = 45° where E, are the east and 
west points and K and K’ respectively lie on the eastern 
and western horizons between E and S and 9 and S, S 
being the south point. Regarding the second statement, 
in order that there may bea Kona-S’anku in the north 
Agrajya > Hsin 45 io S 9 > sin 45° ie, sin छे > sin 45° 
cosy. Taking the max, value for à namely 24^, 
log sin 24° > log sin 45 + log cos v ie. 9.6093 > 9.8495 + 
log’ cos ? ie. log cos 45 < 9.7508 .. p > 54 — B4! 
.. tan ७ > 1.4229 ^. gs = 12 tan p > 11" — 4,5/" 
which is taken by Bhaskara as 17” — 5/7, For a lesser 
value of छे, a still greater value of p will be required 
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= 90,97 
itude whic 


as may be seen by taking e 61° — 6. Thus 
Bhaskara gave the minimum lat h could enjoy. 


four Kona-S'ankus. 


रश 
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From fig. 41, it is clear that there are two Kona 
Sankus at S, and Sy during the forenoon and similarly 
two at S, and S, in the afternoon where §,’ and S, 
are the symmetrical points of S, and S,. From fig. 42, it 
is clear that if Agra < H sin 45° when हे is south, there 
will be one Kopa-S'anku in the forenoon at S, and one in 
the afternoon at the symmetrical §,’. 


Verses 31 and 32. H cos z at noon known as 
Dinardha-Sanku. 


By ‘ northern hemisphere’ if is meant that the Sun 
is in the northern hemisphere ie, his Sayana longitude 
ie, modern longitude lies between 0° and 180°, and ‘ the 
southern hemisphere’ means that the Sun's longitude lies 
between 180° and 860°. The direction of हे. may be got 
from the above convention. The latitude and colatitude 
are always deemed as south and north respectively. 


The latitude and colatitude being ‘ added to subtracted 
from or being decreased by’ as the case may be, the 
declination, we have the zenith-distance and the altitude 
of the celestial body at Noon. The zenith-distance and 
the altitude are mutually complements. 


Comm. In Hindu Astronomy the words “sauna” 
** दक्षिणगोले '' are very often used to connote that the Sun is 
on the north or the south of the celestial equator respec- 
tively, so that the declination could be automatically known .' 
to.be north or south respectively. Regarding the latitude, : 
the peculiarity in Hindu Astronomy is that what we call 
north latitude in modern astronomy 4s construed as south 
in as much as the celestial equator gets depressed south : 
in northern latitudes. The colatitude SQ in fig. 41 on the: 
other hand extends north from the south, so that, it is. 
construed as north. 


"The word ‘Samskara’ is used in Hindu Astronomy 
in the meaning given above in the translation, Fot 


example in the equation A = S + B, we say that the 
Bhuja is had by a Samskara between A and S. The 
meaning of Samskara given by Bhaskara is “ समदिशोर्योग: 
भिन्नदिशोरन्तरम संस्कारः” Latitude being regarded as southern, 
if the Sun's declination is 12° north and the latitude 20°, 
then as they are of opposite direction, effecting the 
Samskàra as directed 20 — 12 = 8 = zenith-distance 
(South) = Nata asit is called similarly 70 + 12 = 82 = 
Altitude = Unnata; here we have added because, both 
lamba and declination are north. Similarly when 6 = 24° 
north, and p = 20° as before (south) 


24 — 20 = 4° = zenith-distance (north) = Nata 


70 + 24 = 94 = unnata (north) But, we take 
180 — 94 = 86°. 


In the above working in the first case we found 
p — 8, whereas in the second we found हे — g. This 
difference in treatment is not taken objection to, since, 
the word Antara is used to take the positive value of the 
difference alone and so in the first instance the nata is 
pronounced as south, whereas in the second it is pro- 
nounced north. 


In modern astronomy, however, we have the formula 
z+ 8 = e, considering z as positive if south, 6 and p 
positive if north, Here 8° + 19? = 20° (first case cited 
above) and (— 4°) + 24° = 20° (2nd case, z being negative, 
for, it is north, In the Hindu symbolism we have to 
pronounce separately when z is south or north, whereas in 
modern symbolism the sign alone informs its direction, 
Similarly in the equation A = S + B, we have to pro- 
nounce ' north bhuja’ or ‘ south bhuja’ as the case may be, 
whereas having a convention that हे is +ve when north. 
and also the Hindu azimuth (measured from the East 
point) the sign of bhuja indicates its direction. In other 
words we differentiate the two oases A — Sand S — A 
giving them signs and deducing the direction of the bhuja 
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from the sign itself without an appeal to a picture or 
without ascertaining whether the northern Agra prevails 
over the Southern S'anku-tala or the Southern S'anku-tala 
prevails over the northern Agra. Thus the Dinardhs 
Sanku in symbolism = H cos (p + d) (20). 


Verse 33. Here at noon, Drg-jya is the H sine of 
nata and the Sanku is H sine of unnata, 


Second half of 38 and first half of Verse 34. 


The product of R and the unmandala-Sanku divided 
by Charajyà is called Yasti. The Yasti increased by 
Un-mandala-S'anku gives H cos z according as the Sun is 
north or south of the equator. 


Comm. Unmandala-S'anku is H cos z when the Sun 
is on the unmandala, From the sixth latitudinal triangle, 
wherein Unmandala-Sanku is  Bhuja and Krantijya 
Karna, so by comparing with the second latitudinal 
triangle (or rather operating with the sevond triangle to 
signify the Hindu method). 


Krantijya X Bhuja 
Karna 
_ Hsing X Hsing (already 
R 


= Unmandala:S'anku 


We saw before Charajya = R tan p tan ò Hence as 
RX Hsing Hsing _ bi 

R X R tan p tan 6 Xati 

_ H eos e H cos à 

Coes e (21). 


directed in the verse 


.. H eos z (at Noon) = Hoos p Hoes D + 


H sin p Hsin छे 
R 
south of fhe equator. 


according as the Sun is on the north or 
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Hence H cos z (at Noon) = Natajya 
H cos p H cos 8 + Hsing Hsing 
R 
symbolism cos (p + 8) already derived under (20). 


or in modern 


We shall now show how the formulation is done by 
the simple rule of three (Ref. fig, 89), If a parallel 
through o,d is drawn to cut Aa at a, then Ag, is called the 
Yasti, which is vertical. The triangles Aoa, and Dod 

Aa, Dd . dx _ DD X Ao 


‘are similar so that —i- —— .. 
: Ao Do De, 


Ào R 
Do,  Charajya 
cirole and the equator stand in the ratio 


B for, all the lines of the diurnal 


प ००५ हे _Ao_ Do, _ Kujya . Ao | R — 
R R Charajya Charajya Do, Charajya 
t Unmandala Unmandala Sanku X R x R PT 
Charajya ` | 

formulated. 


Now Dinardha Sanku = Aa = Aa: + a,a= Aa, +Dd 
= Yasti + Unmandala S'anku. It is evident from fig. 21 
why in the northern sphere the sum is to be taken 
whereas in the southern, the difference is to be taken. 


Latter half of verse 34. Definition of Hrti and 
Antya 


The sum or difference of Dyujya and Kujya will be 
similarly Hrti, whereas the sum or difference of Charajya 
and radius will be Antya 


Comm. We defined formerly Hrti and Antya 
our commentary on the latitudinal triangles, From fig, £ 
Hrti = oA = 0,0 + oA = 0D + oA = Kujya + H cos 
(Dyujya) (22) 


ENS 
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In the parallel great circle, the Hquator we have 
therefore Antya = Charajya + R (already derived). 


Verse 36. Antya _ Hrti X R_ HrtixCha 


H cos 6 Kujya 
.. Antya à iva 
set = niya X H cos 8 _ Antyà X .Kuiya by whatis 
R Charajya 


called Guna-ccheda- Viparyaya ie. alternando. 
Comm. Evident. 


Verse 36. To obtain Dinardha-S'anku from Antya 
and Hrti 
Antya X un-mandala Sanku  Hrt X12 _ 
Charajyà K i 
Sanku. 


Comm. The second formula is derived from the 
similarity of A Aoa (fig.) with the first latitudinal triangle. 
From the similarity of Aao,, Ddo, fig. 39 


Aa ! Hrti X unmandala-S'anku 
= penn क क॑ Aa anamma 
noo, Dd m Kujya 
But Aa = Dinàrdha-Sanku 


Dinardha Sanku = ~ (U.S. = Un- 
Kujy 


mandala-S'anku.) 


i: Kujya X Oharajya 
e M __ Vuaajya 
D.S. (Dinardha-S'anku) S x U.S 
i X 12 


Verse 37. Meridian Zenith distance 
Aun Hrti X bhuja of a lat. triangle _ 
: Karna of a lat. triangle 


where z is the meridian zenith distance, 
33 
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Comm. This formula is a special case of the formula 
A = 8 -- B since the H sine of the meridian zenith 
distance is the S'anku-Bhuja at noon. From fig. 39 
पा X bhuja of a latitudinal triangle _ O — Dinardha 
Karna of a latitudinal triangle 
Sankutala, 


The operation of sign has been already explained. 

Verse 88. An alternative method. 

The meridian zenith distance of the Sun can be had 

| n B.L. T. 

lso b f + Taddh 
also by the formula (Hrti + Taddhrti) KLT. 
B.L.T. and K.L.T. are the bhuja and karpa of any 
latitudinal triangle. 


Comm. (Ref. figures 43 and 21). Let E, be the 
centre of the armillary sphere so that QE.R is the 
diameter of the celestial equator which is on the median 
plane. Let S; F, S be the diameter of the diurnal cirole 
of the Sun, which is also on the meridian plane so that 
S; F is the Taddhrti, S, 8 is the Hrti and S the position 
of the Sun on the meridian. 


where 


^M 
H sin z = 8M = SF, sin F, = SF, sin j = 
(Arti — Taddhrti) x 7 where s/K can ba replaced by 


zr (s=equinoctical shadow and & the Visuvat-Karna). 
In the Southern sphere, H sin z = S/N = S’F sin Ó 


= (S/8, + §,F,’) sin d = (Hrti + Taddhrti) x P 


Verse 39. Still another way ot obtaining the m, z.d. 
(meridian-zenith-distance). 


R - H versin (altitude) = H sin z 


This formula gives not only the meridian zenith 
distance but H sine of the zenith-distances of the Sun 
when he is on the Kona-Vrtta or prime-vertical or 


unmandala, 


Comm. From fig. 48, H sin z = SM = | 
sL = R — H versinc (Ss) = R — H versine (altitude) as 
given. Since R — H versine (altitude) = R — {R — 
H cos (90 — z)} = R — (R — R sin z) = H sin z, 80 this 
formula applies wherever the Buu be. This is almost 
begging the question as H sine of z is being sought 
through H versine of (90 — z). 
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First half of the verse 40. To obtain the shadow § 
and K the Chayakarna of any. shadow 
H sin z X 12 ang RX 12 = 


H cos z H cos z 
Comm, (Ref. fig. 44). | 
12. H sin 2 H sin z 12 tan z = 8 Also 12 = cos 2 = 19°82 
H 608 z K 
12 R 
= K 
so that H cos 


The Hindu method of looking at this through the 
similarity of AS OM o and Ogn the gnomonio triangle. 
is as fellows. OM is called Maha-Sanku ie. H cos z; OL 
is Drkjya or 
H sin z = OM, त्स 2 
Heosz Hsing 
19 H sinz/H cos z. Also, 

|. 189 KL IN . ga WR 

Oo  Hooz R Hoosz 
It will be noted that fig. 44 pertains to any vertical plane. 


Second half of Verse 40. The Dinàrdha-Karpa is 
RX 
Hrti 


Comm. The formula is derived through twice apply- 
ing the rule of three or what is the same, through the 
similarities of two sets of triangles 


so that S = 


equal to where & is the Visuvat-Karna. 


F .89, 94 = i 4s 
rom g. 39, Aa Dinàrdha-S'anku 12 (8) 


where K is the required Chayakarna. 


Dividing (8) by (b) 


I} 12 ^K "m ^ fri 
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Fig. 44 


Verse 41. Alternate method of obtaining K 
101530/H sin 4 = para (say) where 4 is the Sayana 
longitude of the Sun; then, Fat X ^ _ K where K is 


un-mandala-Karna 


First half of Verse 49. To obtain K when the Sun is 
on the prime-vertical— Para X s/k = Samavrttakarna, 


Comm. From fig. 19, from the similarity of triangles 


CA 
H sin ò Hoin 2 Bene (a) 
Then consider the similarity of the first and the sixth 
Unmandala Sanku _ s (b) 
Krāntijyā k 
where s is the equinoctial shadow and & the Viguvat- 
Karna. Again taking that © the Sun lies on the unman- 


latitudinal triangles; then 
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Hoosz, R _ Unmandala Sanku (c) 


dala in figure 44, T K 13 


Eliminating Krantijya and Unmandala Sanku from 
Unmandala Sanku _ s 
(a), (b and () Hein Huon A 


QR; Hem4feew t तह. _____________ 
i KH sin 4 Hsin o 


125" Xk , _128 _ 123438" 
n pgs SPEI Tr 
= 101581; but Bhaskara has taken 101530 taking a 


101530 
H sin 4 


para so that para X i =K=Unmandala Karna. Regard- 


is symbolized as 


more correct valoe of R. Then 


ing the Samavrttakarna, in the place of (b) above we have 
Sama-Sanku _ k । 

१:01 v ; 
first and the fifth latitudinal triangles. Equation (0) 
holds good with respect to any H cos z and the corres- 
ponding K since 12 R =. K > Sanku and 12 R is a oons- 

R — Bama-Sanku (o^) 
K' 12 
eliminating Krantijya and Sama-S'ankn among (a), (b’), 
(o’), we shall have 
12 R° s 


s 
ee I‘ para X -- 88 stated, 
K k Hsin 4 Hsin w p k 


b/ by the similarity between the 


tant. Noting therefore 


Second half of Verse 42. To obtain the Dinardha- 
karpa from the Unmandalakarna. 


Charajya 


Antya = Dinardhakarna. 


Comm. We have equation (c) above stating 
12 R = K X Sanku. (co) But 
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Ista Sausu _ 608 6 = constant = Dinardha Sanku 


Ista Hriti Arti 
__ Sama-Sanku _ Unmandala S'anku 
Taddhrti Kujya 


Again by virtue of the proportionality of 
Ista Hrti _ Hrti _ Kujya T 


Istantya Antya Charajya 


Ishta-Sanku . Dinardha S'anku 
Ishtantyà  — Antya  — 


We nave 
S'anku 
Charajya 
Ista Karna X Istantya = Dinardha Karna X Antya 
— Unmandala Karna X Charajya (f) (28) 


Unmandala Karna X Charajya 
Antya 


Dinardha Karna = 
as stated in the verse. 


Verse 43, Unmandala Karna x Keitijya 
Hrti 


Sama Vrtta Karna x T 
Hrti 


Comm. From (c) and (d) above Dinardha Karna X 
Hrti = Sama Karna X Taddhrti = Unmandala Karna X 
Kujya (g). Khitijya is the same as Kujya. 


From this the statement follows: 


Verse 44. The ancient Acharyas found the gnomonic 
shadows when the Sun is on the meridian, prime-vertical 
and the Kona-Vrtta (ie, Vertical when the northern or 
southern Hindu azimuths are 45°) by different methods 
I consider him to be the very Sun illuminating the lotus- 
faces of aitronomers, if anybody could give a method to 
find the shadow in any required direction, which holds 
good in all cases universally. 
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Comm. Evident. 


Verse 45. Definition of Dikjya H sin (azimuth). The 
angle between any vertical and the Prime- Vertical 
measured on the horizon is what is called Digamsa and its 
H sine is known as Dik-jya either in the Eastern hemi- 
sphere or the Western. 


Comm. In modern astronomy azimuth is measured 
along the horizon from the north point towards the east 
point round the horizon. In Hindu Astronomy however, 
the azimuth is measured from the East point on either 
side and from the West point also on either side specifying 
whether it is north or south. 


Verse 46 and first half of 47. To obtain the 
gnomonic shadow in any arbitrary direction. 


Rs 

H sina 
obtain the H sine of the corresponding latitude L. Then 
the product of that H sin L and H sin हे divided by 
H sin © will give H sin D where D is a hypothetical decli- 
nation. With the new L and this D, as the hypothetical 
latitude and declination, obtain the meridian zonith 
distance by the formula Z +- D = ¢, and through this 
m.a d. obtain the shadow, which will be the shadow in the 


required direction namely 12 tan (¢ * D). 


as the equinoctial shadow and 


Assume 


Comm. Let gL be the gnomonic shadow on the 
equinoctial day in a given direction given by a? 
Digamsa (the Hindu azimuth) and let gN be the shadow in 
the same direction on any day. (fig. 45) We know that the 
extremity of the gnomonic shadowon the equinoctial day 
traces a straight line parallel to the East-West line Ew 
at a distance of the equinoctial shadow s because the 
Equatorial plane passing through the foot of the gnomon 
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Fig, 45 


and that passing through the top of the gnomon being 
parallel planes cut the horizontal plane in parallel straight 
lines. (This will be also proved analytically subsequently). 


Hence LM = s. Now from the figure 
LM AB Hsina 2 H sin a 


— 


gh gA Rs 


I 


This gL is spoken of as Ista-Drikmandala palabha 
because it is the shallow on the equinoctial day in 
any vertical. LN is the increment in the shadow on 
account of declination and we have to compute this and 
correlate gL and LN. For this refer to figs. 46 and 47. 
In fig. 46, QRT is the cquator, so that when the Sun is on 
fhe equator on the equinoctial day in the direction given 
by ZS, ZT is the zenith-distance. Let ZS be the zenith- 
distance of the Sun in the same direction on any day. 
From the analogy of finding Hsin हे from H sin 4, from 
this figure 

94 
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H sin ST x Hsin T il and 


H sin SR = E 


IN 
H sin 9 = Hsin ZT x Hsin T sin ZT T H sin T III so that 


in  Hsin ST अम SUE H sin SR 


Hsn? Hsm ZT H sin ® 
Noting that SR = हे and putting ST — D 


e _ Hsin à in ZT 
ae = eae , 


Fig. 46 Fig. 47 


The same formulae are derivable froin fig. 47 also; only 
in fig. 46 while there is a decrement in the shadow of the 
day as compared with the shadow on the equinoctial day, 
in fig, 47, there is an increment. This is seen from the 
decrease and increase of ST in the zenith-distance ZT of 
the equinoctial day in the given direction. Now corre- 
lating fig. 45 with figures 45 and 47, tha shadow gL 
pertains to the zenith-distance ZT on the equinoctial day 
whereas the shadows gN pertains to the zenith-distance on 
the day concerned in the same direction. We have, 

& i 

E Biss so that Ax ga = H sin z where 
S is the shadow at any instant when the zenith-distance 
is z, The process indicated by saying ‘Obtain H sin © 
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construing 


as the equinoctial shadow’, means 
H sin a 


computing H sin ZT and there from ZT from the shadow 

gL of fig. 45. Then the process indicated by saying 

“Obtain H sin D = see and therefrom 
sin 9 

D” means computing ST. 


Then clearly Z8 = ZT + ST, ie. the required zenith- 
distance is got by what is technically called Samskdra 
between ZT and ST as is stipulated between 9 and à to 
obtain Z from the formula Z + 8 = 9 (The word 
Samskara was defined as meaning addition when the 
directions are the same and difference when they are 
opposite). Then the gnomonie shadow is gos from this 
12 Hsin z 


zenith-distance using the formula S = 
H cos z 


Thus the procedure adopted by Bhaskara was con-. 
ceived by him first having Fig. 45 before him and then 
using figures 46 and 47. In this particular process, 
H sina is given and Hsin § also, which means that it 
is sought to find the shadow on a given day in a given 
direction. 


Incidentally we shall find the locus of the extremity 
of the gnomonic shadow during the course ofa day. Let 
in fig, 48 g represent the gnomon's foot, and B the shadow 
whose extremity is p. Required to find the locus of p. 
Take the gnomon to be of unit length so that the length of 
the shadow S = 12 tan z becomes tan z here, Take Ho 
and s» the east-west line and the north-south as the 
axes. ‘Then we bave 

की + ४ = tan? z (1). But we have from the triangle 
PZS sin हे = sin © cos z + cos 9 sin z sin a 

sin O 


Os — ———.— = ban - tan z sin a = tan y (2 
cos 9 cos z ? 3 Pry (2) 


. BEG 
le, — = y + tan when A = . 
A Y P sin 


268 


Fig. 48 


But sec z = शी. + tan? z = शकी +y’ 4- 1 


"ge CE] 
TEM — y + tàn 9 which reduces to 


a? +y’ (1 — A?) — 2A? y tan 9 + 1— A* an’ 9 =o (3) 
From this it is evident that the locus is an ellipse or 
parabola or hyperbola according as AS 1; also it will 


be seen that the eccentricity is A. The locus is wrongly 
stated to be always a hyperbola in some text books. For 
ib to be an ellipse A < 1 ie. cos 9 < sin Sie. छे > 90 — 9 
ie. 9 + ð > 90. In such latitudes and under such decli- 
nations, it will be an ellipse ie. at a place just north of 
the place where the perpetual day just begins the locus will 
be an ellipse. Hence in the arctic region it will be always 
an ellipse; and in the place just at which the perpetual 
day begins it will be a parabola and in the lower latitudes 
it will be a hyperbola, ie. it will bea parabola where the 
latitude © is given by 90 — 8. 


When 9 = 90°, A = =o provided à # o. If, 


however; in addition 6 = o, A becomes indeterminate, but 
we may note then, that the Sun will be circling round the 
horizon on that equinoctial day at the north pole. We 
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may further note that at the north pole, the altitude of 
the Sun is always हे so that the length of the shadow cast is 
always equal to cot हे and this will be infinite when § = o. 
It now 9 = 90°, and छे = o, though A = 995 9 be 

sin 


comes zero, A tan 9 will not be zero because A tan Ọ = 


cos 9 " _ sing _ 1 -  _ gno 
sin छ xX tan © sn and (.. 9 = 90°). On the 


other hand A’ tang = A X A tan p = iii = O because 
1 


A = o, Thus the term containing y in eqn. (8) vanishes. 


. The equation reduces to 
z^ +y =A tan" 6 — 1 = 005९0 हे — 1 = cot? हे (ie. +ve) 
ie. at the north pole the locus will be a circle with radius 
cot 6. When 


DECEM UR eae 
A = œ the locus ve ta tt = y -+ tan 9 becomes 


y = — tan P which means that the hyperbola degenerates 
into the straight line which is parallel to the east-west 
line and is in the north at a distance of tan © ie. s, the 
equinoctial shadow since the length of the gnomon 
is taken to be unity. In particular when A tan 9 = 1 ie. 
p = छे, the constant in (3) is zero, so that the locus 
passes through the foot of the gnomon as is also evident 
from the fact that the Sun passes through the zenith. 


Taking a northern latitude say 17°, the loci of the 
extremity of the shadow are shown in fig. 48A (page 270) 
on important days when =w, when 80, when 6 = — o, 
when 8-9. The maximum mid-day shadow is 
tan (p + o), when हे = —w taking the gnomon’s length 
to be unity; this shadow is cast north of the gnomon along 
the south-north line through the gnomon, on Dec. 28rd of 
the year. The minimum length of the mid-day shadow 
occurs when छे = ©, the shadow being zero and being at the 
foot of the gnomon, the Sun being then just overhead. The 
maximum shadow cast south of the gnomon at mid-day 
is tan (e — 9). 


270 


| l | DOR ह लट on Dec- 
enn gute 


Immediately beise A ८४८! Maneh 
a cide wae lent र क ` Wd 


OR ORRIN peti LIT. AA ON as me, sa, 


a m प CR Pom ee On Ra At. Monel 
4, NS Sh | FH Fr edial 
“Lir : ov Sub ah ten 
न P A P d ot Re 2 
Ey o Se. 
$ e oes roca AE E: i PA DUE E a, f. 
“लकारा H vestire er cuia TR, E uc RN c A 
pi pu sium D ES 
. ANE 
M Seg $ 
= 


CREATES, RRC S PERIERE epe ey "P 


p i K » Viol SE 


Fig. 48A Showing the locus of the extremity of the shadow on different 
days at a latitude of 17° 


Note. OA, OB are the shadows computed by Bhaskara when the Sun is on 
the prime-vertical. 


In the method of finding the shadow under verse 46, 
we perceive Bhaskara’s genius in (1) looking upon the 
shadow as being made up of two segments namely that due 
to p and that due to the declination (2) in conceiving 
what he calls Ista-drik-mandals palabha, and Ista-drik- 
mandala Kranti and (8) in deriving the equation 

Hsin D = H sin ZT x H sin à 

H sin o 


Latter half of verse 47 and verse 48. Something 
to be noted. 


In computing the shadow in a given direction, there 
may be two shadows at times in the northern hemi- 
sphere. When H sina < Agra and there will be none in 
the southern, To compute the second shadow we have to 
take 180 — L also as the latitude where L is the latitude 
computed, and proceed in the same way as we have done 
before. 


Fig. 49 


Comm. This too exhibits Bhaskara’s genius. (Ref. 
fig. 49). Let MQR, be the equator whose pole is p. Let 
T, S, Z S, T, be the circle of azimuth a (Hindu azimuth). 
Let SS, S, be the diurnal circle of the Sun cutting the 
above circle of azimuth af S, and $, so that ZS, and ZS, 
are the two solutions giving the two zenith-distances 
which give two shadows in the given direction. H sin MS 


^M N 
= Agra; evidently MZS > MZS, ie. H sin a < Agrā as 
stipulated. ZT, and ZT, give the zenith-distances in the 
given direction when the Sun ison the equator. B, T, 
and Ss T, are the decrements in the zenith-disfances on 


account of declination © (= S, B, or 5, If MZS, were 


“ 
greater than MZS ie, if H sin a > Agra, we would have 
lost the position 8, ie. we would have had only one shadow 
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in the afternoon in the given direction and no shadow in 
the morning. i 


Analytically, the event of having two shadows arises 
on account of the following circumstance. When we are 
asked to find Istaksajya from m Um the shadow in the 

i H sina 
given direction on the equinootia! day (Ref. gL fig. 45) 
the L for this given value of the shadow is given by 


H Lh where 8 — R i We know 


sin 0 = a has two solutions, 0, and 180 — 0, Hence L 
will have two values L, and 180 — L,. So, Bhaskara has 
asked us to compute D, and D, from L, and L, and thus 
have the two solutions. 


Fig. 30 
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Note (1) When Bhàskara said ‘If H sina < Agra’ 
he had in mind evidently the azimuth circle MZN which 
cuts the diurnal path A Q, R, at S, and S} At S, the 
azimuth EZM < EZA so that he stipulated that H sina 
should be less than the Agra, But, let the diurnal path of 
the Sun be Q B, where Q, falls in between z and p. In 
such a case we know that the azimuth does not take all 
values but has a maximum where the vertical touches the 
diurnal path at T. From PTZ where T is a right angle, 
taking PZT = 90 — a, ७ being the Hindu azimuth we have 
by Napier's rule sin PT = sin ZP sin (90 — a) or 
sin (90—8) = sin (90—9) sin 90—a or cos à —cos ७ cos a. 
If a has a lesser value than is given by this equation, 
the diurnal path does not cut the azimuth circle 


= ò, there will be no shadow in the given 
608 9 


direction even though the situation satisfies Bhaskara’s 
condition namely H sin a should be less than Agra. 
Bhaskara has overlooked this case. This may be seen 
analytically also as follows. We have from the spherical 
triangle PZS, sind = sin ? cos z + cos? sin z sin a 
= Acosz + B sin z (say) We know, the maximum 
value of A cos z + B sin zis NA°’ + B? which is here 
Jain? 9 + cos? 9 sin? a = sin? V + cos? p — cos? 9 cos? a 
= Ji — cos’? cos? a. Thus there will be no solution for 
z if ihe quantity on the left hand side namely 


ie. if cosa > 


sin ð > the above max. value ie. if 

sin छे > शा. — cos? p cos a ie. if sin? § >1—cos"y cos? a 

ie. if cos? छे > cos? p cos’ a ie. if cos Ò > cos o wade 

ie. if cos a > cos S/cos p as derived above. 

Hence even if H sin a > Agra, there need not be a 
shadow at all in the given direction. In other words when 


the Hindu azimuth given is very small and when the decli- 
nation is too great north or south, there may not be a 


9b 
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shadow in the given direction. Bhaskara gives an example 
where he gets two shadows on a day taking the moments 
when the Sun is on the prime-vertical. In fact having 
this case of the Hast-West shadows alone, he conceived 
that two shadows could be had in a given direction under 
particular conditions. 


He chooses a place of s = 5” ie. a place of latitude 
99° — 87 (Bhaskara often gives this latitude which night 
indicate that he was probably residing in that latitude 
which passes through approximately Itarsi) He takes a 
day when the Sun’s declination is given by H sin हे = 780 
ie, छे = 18° — T". Then the Sams S'anku is given by 


R sin Ò (comparing the second and the fifth latitudinal 
sin ७ 


triangles 
Sama-Sanku _ Krantijya _ sin 8 
R H sing H sin g 
.. Sama-S'anku = RH sin 6 E 
H sin 9 sin g 


_ 9488 X 780 = AN2R approximately. I 


Also Agra = Hein 6 — 845. 
COS p 


Knowing the Sama-Sanku, the East- West shadow may 
be taken to be determined. Now Bhaskara proceeds to show 
that at the time of having the second shadow also, in the 
same Esst-West direction, the S'anku will be the same 
Sama-Sanku itself. For this, proceeding according fo the 


method indicated in the verse, “ Taking =e to be fhe 
H sina 
equinoctial shadow etc.” we have n 


= what is called Kha-hara Rasi. 


Rs m 3438 X 5 
Hsin a 0 


215 
Taking this to be the equinoctial shadow 
: R . 

H sin L = ree = R itself (Dealing this way 
with Kha-hara Rasis is prohibited in modern mathematics 
but Bhaskara adds at the end of the commentary that 
dealing with them cautiously does not effect computations 
which is of course true, for when the equinoctial shadow is 
infinity p = 90° so that Hsing = R as got) Hence 
L = 90° and 180? — 90° = 90° = L’. Then H sin D = 
R x 780 
1322 — 18 
so that D = 90 — z. Now from the equation z + 6 = p, 
z= g — ð = L’ — D = 90° — (90 — z) where z is the 
zenith-distance when the Sun is on the prime-vertical. 


= game as Sama-S'anku obtained in I = H cos z 


The zenith-distance is again the same z. In other 
words, the second zenith-distance is also that when the 
Sun is on the prime-vertical. Bhaskara has given this 
example just to obtain the second shadow as well and he 
has chosen the event of the Sun being on the prime- 
vertical to show that the procedure indicated by him may 
be verified to hold good. 


Verses 49, 50. Alternate method to find the shadow. 


Let R? 8 + Hsin?a X 12? = pratbama where s = 
equinoctial shadow anda the Hindu azimuth, Let Anya 
— RsA where A is the Agra. Divide the prathama and 
Anya by (H sin? a — A?) and still call them prathama and 
Anya. Then 
K = JAdya + Anya? + Anya where K is the Chaya- 


Comm. Let K be the required Chaya-Karna. 


Then Karnagra = Ka = 8 + b where b is the bhuja. 
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-~ KAL s. But Hana $ where S is the 


R b 
shadow so that 
= bR = (= = s) 
H sin a R Hsina 


^ R(KA — sR) = RH sin a JK’ — 12° 

ie, R? (K? A? + 8 R? — 2 AsRK = H sin’ a (K? — 12°) 
“` K? (A? — H sin? a) — 2 AsRK = — 5 RD — 12° H sin* a 
.,. K? (Hsin? a — A’) + 2 AsRK — 12? H sin" a +s R° I 

This ‘quadratic is of the form ax’ + 2ba = c 


ie. a^ + 29 s = c/a II Here Ê is called Adya and è Anya. 
2 a 


The solution of the above equation is given by 2 = b + 


mS C S 
a 


+ ofa 
ie. — Anya + JAnya’ + Adya. TII 
When b = न्‌ + s, putting — s in the place of s in I, 
K = Anya + J/Anys? + Adya IV 


Out of the four solutions given by III and IV we have 
taking bhe positive solutions 


K = JAnys8? + Adya + Anya as stated, 


- Verse 61. If H sin a < A, then in the northern 
hemisphere ie. where हे is north, 


+ /Anya’—Adya + Anya = K, 


Comm. We have initially put Anya = H sin? a — AA, 
If H sin à < A, them to'avoid a negative value for the 
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Anya, we could put Anya = A? — Hain? a. As a matter 
of fact in verse 50, we are asked to take H sin? ~ A?, 
as Bhaskara wanted that the second case also be included. 


Thus putting Anya—A?— H sin’ a, equation I becomes 


K’ (A? — H sin? a) — 2 AsRK = — (Adya) so that 


Nene mme a nn 


Verse 52. The Bhuja is to be obtained through 


Karnagra from the equation & = b + s (already proved) 
Rb ; À bR 7 
ds Se = 
and ठु in a {ie Has; already proved). 


This H sin a will be the same in the case of obtaining 
two values of K ie. two shadows one in the morning and 
the other in the afternoon, (the only difference being that 
they will be on alternate sides of the East- West line). 


Verses 53 and 54. Obtaining the shadow when time 
ig given. 


In the two previous examples the magnitude of the 
shadow was obtained ina given direction; now we shall 
obtain the same when time is given, The word unnata 
stands for the time that has elapsed after Sun-rise or that 
which is the balance of the day time. The unnata sub- 
tracted from half-the-day gives what is called Nata, 


The H sine of the unnata minus Chara or increased 
by the Chara according as the Sun’s declination is north 
or south, is called Sūtra; this multiplied by the H cos 8 
and divided by the radius, is called Kala. 


Comm. (Ref fig. 51) The time measured by the arc 
MN, that is the time in between the moment when the Sun 
S is on the horizon and the moment when he is at L is 
called the unnata ie. the time measured after rising and 
. the time measured by the aro NQ ie. the time in 


Fig. 51 


the moments when the Sun is at L and when he reaches 
the meridian. is called Nata. In modera astronomy this 
Nata is known as the hour angle h and unnata = H — k 
where H is the rising hour angle. The time measured by 
the arc MH is called Chara. Thus unnata-chara = EN 
and Hsin EN Hsin (90 — 5) = H cos h is called Sutra 
which is BN shown in fig. 52 representing the Equator. 
Tbe corresponding line bn in fig. 58 which represents the 
diurnal circle, is known as Kala. Thus Sūtra=H cosh (26) 
and Kala = 008 0० (४0). 


When the Sun is in the Southern hemisphere, unnata 
is measured by the arc SL or MN ie. (H — h) where H is 


Fig. 5? 


Fig. 53 
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AN 
the rising hour angle and ॥ = LPQ and Chara by the are 
EM and Sūtra = H sin (MN + EM) = H sin (unnata + 
chara) = H sin EN = H sin (90 — 2) = H cos h. 


Verse 55. Sūtra multiplied by Kujyà and divided by 
Charajya will be also Kala and Kala multiplied by the Koti 
and divided by the Karna of any latitudinal triangle will 
be Ista yasti. 


Comm. In as much as Kala is the corresponding line 
in the diurnal cirele to the Sūtra in the plane of the 
celestial equator 


Sutra R Charajyi . Sūtra X Kujya _ Kala 
sR ee = --प्यणापशणणा ee —Gharaiva ० == al 
Kala H cos 6 Kujyā arajya 
In verse 33, we saw that 

Dinardha  S'anku — Unmandala S'anku = Yasti. 


This Ista-yasti will be therefore the perpendicular dropped 
from n, the Sun’s position in the diurna! circle on the 
plane parallel to the horizon and passing through the 
head of the Unmandala S'anku ie. passing through छे and 
parallel to the horizon in fig. 21. Since the angle between 
the diurnal plane and the vertical plane of the yasti is 
equal to © the latitude, the Istayasti forms a latitudinal 
friangle with the Kala, it being the Koti or side opposite 
fo the angle 90 — © and the Kala being the hypoten use, 
Yasti Koti of a latitudinal triangle 
Kala Karna of a latitudinal triangle 
Koti of a latitudinal triangle 
Karna : 
When the Sun is on the meridian, Istayasti becomes yasti 
of verse 38. 


= 008 © = 


Istayasti = Kala X 


The formula for Istayasti is therefore 
Kala x H cos p _ H cos ò H cos h X H cos p 
R R R 


from formula (27) 


— H cos p H cos ò H cosh 


= QT! 
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First half of verse 56. The Unmandala S'anku 
multiplied by the Sütra and divided by Charajya is also 
Istayasti. 


Comm. The Unmandala S'anku and Istayasti are 
the lines in vertical planes corresponding to Charajya and 
Sutra in the Equatorial plane. Hence the proportion. It 
will be noted that the Unmandala S'anku and Istayasti 
are nob in the same vertical plane but parallel vertical 
planes. None the less the proportionality holds good. 


Latter half of verse 56 and first half of verse 67, 


The Sütra increased or decreased by the Charajya 
according as the Sun is in the northern or southern hemi- 
sphere is what is known as Istantya; similarly the Kala 
increased or decreased by Kujya is what is known as Ista- 
Hrti. l 

Comm. In fig. 52, Iştāntyā = AN = AB + BN = 
ME + BN = Charajya + Sūtra. Similarly in fig. 58, 
Ista Hrti = an = ab + bn = sg + bn = Kujya + Kala. 


Istantya = H cos h + R tan § tan p = 


i gin + eos & A): 
R [in prin s On modern terms (28) 


‘ Latter half of verse 57. Similarly Istayashti 
increased or decreased by the Unmandala S'anku is Ista 
Sanku or H cos z. 


Comm. Let in fig. 54 which represents the plane of 
the prime-vertioal AA’, EW, BB’, FE’, qg’ represent the 
lines of intersection of this plane with planes parallel to 
the horizon and passing through A, B, F, q of fig. 21. Then 
Oa = Unmanda-Sanku, Of = Sama Sanku, Or = 
Dinardha Sanku. If ga’ be the line of intersection of this 
plane of the prime-vertical with a plane passing through 
an; arbitrary. position of the Sun,in the diurnal circle and 


Fig. 54 


parallel to the horizon. then Oz = Ista /S'anku = Oa + 
az = Un-mandala Janku + Ista yasti. ar = yasti, 


In the Southern hemisphere Oa, the Unmandala 
Sanku will be below the horizon so that Istayasti 
decreased by the Unmandala S'anku will be Ista-S'anku. 


Thus we have the method of obtaining the Ishta- 
Sanku from the Unnata Kala as detailed above. We shall 
see what this process means in modern terms. 


^H AN 
Unnatakāla-Charakāla = OPA — APE (Fig. 21) = 


7N 
OPE where © is the foot of the declination circle of the 
Sun ein any arbitrary position in his diurnal path. But 


^| ^^ 
oPE = QPE — QPo = 90-5 where bis the hour an 
Sun, Thus Sutra = H sin (90-h) = H 
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Kala = H cosjh X H cos Ò 
R 
Ista-yasti = H cos h #9982 X H cos 8 H cos 6 " H E ? II 


II 


Now Unmandala-S'anku is derivable from the sixth 
latitudinal triangle in which Krantijya is the Karna and 
Unmandala-S'anku is the Bhuja. Comparing it with the 
second latitudinal triangle Samiya = Ha. 


U. S. is Unmandala-S'anku. 


where 


m Krantijya x Hsing Hsing H sin à IV 


a M00 लॉकर? MR ie I tit, ——M—————————————— Mà 


Ista-S'anku as per the above formulation is given by 
Ista-S'anku (I. 8.) — 
H sin ò Hsin à , H cos pş H cos à H cos ^ E. 
R 


R? 


(Ref. Bg. 55) Fig. 55 Formulae for 


S 


Z = zenith; P = celestial pole. S = celestial body, say, 
the Sun. 


= zenith-distance of the celestial body $. 
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PZ = colatitude; PS = north-polar-distance or co-decli- 
nation. 


n is called the parallactic angle; h = hour-angle of S. 
(90 — a) = The complement of the Hindu 
azimuth a being measured from the Hast point. 


cos (90 — 8) =cos (90— 9) cos z-+sin (90—p) sin z cos (90—a) 
) = sin o + cos z + cos p sin z ein a. (1) 


cos z = 008 (90 —.9) cos (90 — 8) + sin (90 — p) X 
sin (90 — 8) cosh 


= sin p sin हे + CoS p cos 6 cosh (2) 
cos (90 — 9) cos (90 — a) = sin (90 — p) cot z — sin (90 — a) cot h ' 
ie. sin p sin a = cos p Got z — cos a cot » (3) 


cos (90 — p) cos h = sin (90 — p) cot (90 — 8) —sin h X 
cot (90 — a) | 


ie. sin p cos h = cos ? tan 9 — sin h tan a (4) 
gin 


bad) sodio a = sin h cos हे (5) 


This means in modern terms 


cos z = sin p sin ò + cos o cos à cosh V which we 
derive from the triangle PZS, 


58. To get Hoos z from h the hour-angle or 
nata Kala, 


The H. vers (Nata) is called Sara (CQ of fig. 62) (29) 


Antya — Sara = Istantya ie. FQ -CQ = FC = AN 
(fig. 51) 


(30) 
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Hrti we phala == Ista- Hrti ie. fq ~ 0Q = fe = An 
(fig. 53) 


Comm. (Rei. ig. 52). Nava = are QN. 
. H, vcrs (Nata) = QC. (Called Sara) = H. vers (h) 
Antya — Sara = FQ Q = FO = AN = Istantya II 


Sara X e © = pala —eq (fig. 53) Hvers J p ००४ © 


Hsti — phala = fg - cg = fe = an = Ista-hrti IV 


१ 69, Phala X Koti of a latitudinal triangle 
_ l Karna 
= Urdhwa V 


= Br (of fig. 54) 


Comm. (Ref. fig. 54) Br is the corresponding line in 
the plane of the meridian corresponding to phala in the 
plane of the diurnal circle. As the angle between these 
two planes is the latitude itself, by the principle of ortho- 
gonal projection namely. 


Magnitude of a projected segment = cosine of the 
dihedral angle X the magnitude of the segment projected, 
since Urdhwa is the orthogonally projected segment of 
phala, so, Urdhwa = phala X cos p 

_ phala X H cos p y 


phala x Koti of a latitudinal triangle 


a 0५५०0५५१0५ aaa 


Karna of the latitude triangle 
Thus Urdhwa = pr (of fig. 54). 


as stated 


30. Urdhwa is also given by 
Danwa U.S. (Unmandala andala Sanku) X Sara X Sara 
Charajya, 
Dinardhsa-Sanku (D.S.)—Ürdhwa- Ista-S'anku (1.S.): 
H eos z. 
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Comm. Since U.S. is the projected segment of 
Charajyà on a vertical plane and since the diahedral angle 
between the planes is » the latitude 


U.S, Sars X H cos o 
NN होत and 50 Sara x cos te ee 
Charajya TUE j R 

= Urdhws. 


From fig. 54, Dinardha-S'anku — Urdhwa = o'g — Br 
(fig. 54) = o'B/ = yX = Ista-Sanku. 


In modern times, this means, 
S'ara-- H. vers (h) = (R — cos ॥) = 1—cosh in modern terms 


phala = Sam X H 005 © = (1--008 h) X 008 ,, 


phala X Hof = Ürdhwa-(1—oos h) cos हे X e08 p ,, 4, 


Dinardha Sanku — Urdhwa = Ista Sanku H cos z 
= cos z (in modern terms) 


=H eos (p —8) (taking northern declination and following 
Hindu convention with respect to signs) 


= Dinardha-S’anku 
= cos p — © in modern terms. 
*, cos (p — 8) — (1 — cos h) cos p cos § = Gos Z 


ie. cos p 008 हे + sin p sin हे — cos p cos हे + COS p 
co8 हे COS h = 008 Z 


ie. COS Z = sin p sin हे + cos p cos हे cos h as before, 


Verse 61. Computation of H cos z (Maha S'anku) 
through Antya and Hrti. 


Let the Dinardha S'anku (D.S.) be computed through 
Istantya and Ista Hrti and therefrom Ista Sanku. From 
the Sanku, Drik-iya ie. H sin z and the shadow ZH sin z 


could be computed —H sin g should not be computed from 
Hrti, 
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Comm. We computed Dinardha Sanku by the formula. 
D.S, — 30४० X U.S. _ Hrti x Koti of a L.T. 
Charajya Karna of L.T. 
under verse 36 ; similarly 
Ista Sanku (1.8.) will be given by 
Ista Sanku ~ [Sntya XU.S. _ Ista Erti X Koti of a D.T, 
Charajya Karna of the L.T. 


But Istantya = E (sim ७ sin © + cos p cos छे cos A) 
Gos P cos © 


(as under verse 56) 
zogen unique R (sin p sin & + cos p cos à cos 
COS p 008 ® 
R sin OS® trom formulae (18) and (19 
R tan p tan à B 
=R (sin p sin 6-+cos p cos हे cos h)=R cos z—H oos z 


R cos z 
fr u 
ae om formula (11) 


Or again Ista Hrti = 


Reosz., Hoos 
^. Ista S'anku = x =? =R cos z=H cos z 
COS 9 R 


Having got H cos z, using the formula H sin’ z = R? — 
H cos z, H sin z ie. Drk-jya can be computed. Also K = 
1915 ga KHsinz . m" 

and S= ——— — give the Chaya Kar Ava 
feos R 8 ya Karna and Chaya. 
Bhaskara cautions us that H sin z cannot be computed 
from Hrti as mentioned in verse 37. because there in that 
verse, the H sin z computed is that at noon alone. 


Verse 62. Alternate method of obtaining K. 


The Chayakarna when the Sun is on the unmandala 
multiplied by Kujya or that when the Sun on the prime- 
vertical multiplied by Taddbrti, or again bhat when the 
Sun is on the meridian multiplied by Hrti, divided by 
Ista Hrti, will be equal to the Ista-Karna K. 
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Comm. Equation (23) under verse 41 is 
Ista Sanku DS. SS. U.S. | 


m emn t 


Ista fri घा — Taddhrüi —Kujya 


and 22 = Hoosr (under verse 40) 


. 19H which means 
Ista S'anku 
12R 12R 
m = ———; Sama Kar 
Dinardha Karna DS. us DATEN N.S. 
12R 


and unmandala Karna = T5. 


Substituting for the numerators in I 


123R ě LRR 12R 
K X Ista Hrti DK X Arti S.K x Taddhrti 
12R 


~ U.K. x Kujyà 
. Ista Karna X Ista Hrti = S.K. x Taddhrti 
= U.K. Kujya 
Uumandala Karna x Kujyà 
Ista Hrti 
_ Sama Karna X Taddbrti _ Dinardha Karna x _ Hrti 


— — A — ie — M न 


Ista Hrti Ista Hrti 


.'. Ista Karna = 


Verse 63. Just a caution. 


If in any context where the word üna-yuta has been 
used, the quantity to be subtracted exceeds the quantity 
from which it is to be subtracted, it goes without Saying 
that subtraction should be reversely effected and in the 
place of addition subsequently prescribed subtraction should 
be done and Vice-versa. | 


Comm.  Bhaskara gives three examples to illustrate 


his point. In verse 64, while defining Sūtra (H sin 90 —h) 
we are asked fo subtract chara from unnata when >o 
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Fig. 56 


and add Chara to Unnata when 6 < o and take the H sine 
of the result. Let us first consider the case when हे > o. 
(Refer fig. 56) when the Sun is at ©, Ista Sanku is H sin OL; 
and Unmandala S'anku is Hsin BM. When the 
Sun is at ©,, Ista Sanku = Hsin ©,N. In the first case 
Istayasti = (H sin © L — H sin BM) which will be the 
orthogonal projection of © B on the meridian plane. 
Unmandala S'anku and the Ista S'anku in the position ©, 
are similarly the orthogonal projections of BM and ©,N 
on the same plane. In the position © Ista S'anku = 
Unmandala Sanku + Istayasti, whereas in the position 
©, Ista Sanku = Unmandala Sanku — Istayasti which is 
now downwards. Thus in the place of addition we have 
subtraction of Istayasti, This reversion has arisen out of 


37 
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the fact that in the position ©, Sūtra is the H sine of 
(KA — KE) whereas in the position ©, Sütra is the H sine 
of EC ie. H sine of (KE — KC) ie. in the former position 
Sūtra = H sine (Unnata-Chara) and in the lattter Sūtra = 
Hsin (Chara-Unnata) Thus a reversion in subtraction 
here, effects a reversion of addition of the Istayasti. 


Similar is the case in the other cases cited by Bhaskara. 
Analytically this happens so because cos h, when h > 90, 
becomes negative and adding cos A tantamounts to 
subtracting sin © where h = 90 + 9. | 


Verse 64. Another point to be observed. 
Hvers (90 + 0) = R — H cos 90 + 0 = R + Hsin 0. 


The Unmandala Sanku is not observable when à is 
south in ag much as it is below the horizon; none the less 
it may be computed for the purposes of effecting proportion. 


Fig. 57 


^ 
Hvers (CG) = Hvers (COG) = GH 


^N 
Evers (EG) = Hvers (EOG) = Hvers (90 + 8) 
= R + OH’ = R+ EL = R + Hsin ७ 
as defined by Bhaskara. 
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Comm. Under verse 58, we had to form Hvers h: a 
doubt might arise as to what this Hvers À would be if 
h > 90. Hence Bhaskara defines it and the definition is 
clear from fig. 57. The Unmandala S'anku has the 
formula R sin © sin p so that either when हे is negative or 
when o is negative, if will be negative which means it will 
be in the opposite direction ie. vertically downwards. 
Since negative latitudes are not considered by the Hindu 
astronomers, the other case alone is considered. Even 
from a figure it is evident that when the Sun is in the 
south of the Equator, the Unmandala S'anku is vertically 
downwards. In proportions like I given under verse 62, 
we can use the magnitude of this Unmandala S'anku also 
and if does not vitiate the results, when we take its 
numerical value. 


Verse 65. The Sun crosses the prime-vertical when 
his northern declination falls short of the latitude. Then 
alone there is sense in giving the magnitude of his shadow 
at that moment. When the Sun does not cross the prime- 
vertical at all, the Sama Sanka which could be computed 
out of its formulation, though it does not exist, Under the 
Sun, yet, it could be used in proportions (like I under - 
verse 62) and no blunder is committed. 


Comm. This is a beautiful example cited by Bhaskara 
where he intuitively uses the so-called principle of 
geometrical continuity. We have formulated Sama 


S Rsing . R sin 
'anku as sin à ie. H cos z = eine We have a real 
sin 


value of z when 8 > v, for, then only H cos z < R. When 
p 0, then H cosz » R which is impossible, for, no 
Hindu sine or Hindu cosine could be greater than R just 
as no modern sine or oosine could be greater than unity. 
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Yet R sin हे 
sin 9 
even though the Sama-Sanku is never boru so to say, 
it has a magnitude. ‘amafi arengeaaq’ Bhaskara 
exclaims with respect to the magnitudes of Sama- S'anku 
and Taddhrti as well, both of which are not there, yet, 
both of which have magnitudes greater than R. So 
he gays “those magnitudes of the Sama-S'anku and 
Taddhrti are like the sons of a barren lady". Then 
he says ‘aziq प्रदश्यते ie. ‘We shall show how they arise.’ 
Here he uses his intuition of the principle of geo- 
metrical continuity. Even when the diurnal circle does 
not cut the prime-vertical, their planes intersect, out- 
side the sphere and the perpendicular dropped from the 
point of intersection on the plane of the horizon is the 
Sama Sanku which has a magnitude greater than R. 
Similarly the Taddhrti could be seen what if is now. 
These magnitudes can enter into & proportion like the I 
in verse 22, and do help us to get the other real magnitudes 
like the Unmandala S'anku eto. 


wil have a value greater than R ie. 


Verses 66, 67 and first half of 68. To obtain the 

time from the shadow. 
Sree U.K. X Carajya _ D.K. x Antya 
Istantyaka == LE. IE. 
R? 

~ Heos x LK.’ 

Dinárdha — h = Unnatakala 
where K = Karna, k = Vishuvat Karna, I.A. = Istantya, 


Comm. We had under verse 62, 


Ista-Karna X Ista-Hrti = D. K. X Hrti = S. K. x 
Taddhrti = U. K. x Kujya multiplying throughout by 
R | 
H cos 6 
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Ista-Karna X I. A. = D. K. X Antya = U. K. X Carajya 
D.K. X Antya . U.K. X Carajya I 
I.K. | 


so that I. A. = NA 


But U.K. — s (verse 40) 


19R Xx Carajya 


. U.K. X Carajya = छ 
_ 195 x Kujya X R . ior ~ Kulya_ x B 
Te Cote Ce Cp e 


But Kujya and U.S. are the Karna and Koti of the 
seventh latitudinal triangle so that Put = 5 
Comparing with the first fundamental latitudinal triangle. 


. 20 12R x Ro KR) 
DOLOS REDE LS सित 


Hence substituting in I 


LA, = UK. X Carajya _ kR? 
Tu LK. H cos 8 x LK. 


Thus we have proved the first part of the statement. 
Having obtained I.A. from fig. 62 we have Antya — I.A. 
—(FQ—AN)-—CQ. The Utkrama Capa of CQ = NQ =h 
and Dinardha — h = Unnatakala. Let us see what this 
procedure means in practice. Since on any day af any 
place, 9 and the declination of the Sun are known we can 
compute all the magnitudes given in the verse or more 
easily H oos हे. so that from the formula Istantya = 


12R? =e 
Hoos 8 x LK. Where K = ४8 + 12, the shadow being 


observed Istantya could be computed in no time. Also 
the Antya of the day R--(H tan © tan छे) can be computed 
so that the segment CQ can be got. The inverse Hversine 
of this is A. The are CQ above was symbolized as Sara, 
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2 
Bhàskara' TE NER DENM 
a 8 proof o Hss XIE. proceeds 


from first principles as follows:—(i) If by k we have 12 as 
the Koti what have we for R? The result is H cos z, 
12 R 
LK. 
we pass on to Ista Hrti with which it forms a latitudinal 
triangle. If by the gnomon of 12 units we have E the 
Vishuvat Karna, what have we by Maha Sanku? The 


Mahàsanku. .. Maha Sanku = From MahaS/anku 


. 12R k l 
result is E X 5 - UE Again from the Ista-Hrti we 
pass on fo I.A. by multiplying by R so that I.A. = 
zn H cos हे 
Hoos) X LK, ^ a 


Second half of verse 68. The inverse Hversine if a 
quantity æ greater than R, is 5400 + H sin "° (0) when 
za—-R= @. 


Comm. Since Hvers (90-+@)=R-+H sin 82 (say) 
90 + 8 = Hvers 7 (R + Hsin 9) = 


But 90° are equal to 5400 asus and Q —H sin ~ (H sin 0) 
= Hsin (2 — R) = जिस्याघि कभागस्यक्रमचापम्‌ 


.. 5400 + त्रिज्याधिकभागक्रमचापम = Utkrama Capa of a 
quantity. 


Verse 69, Alternate method of obtaining the time 
that has elapsed after Sunrise noting the shadow 8. 


Subtract Charajya from or add it to Istantya according 
as छे is north or south. Obtain inverse H sine of the 
remainder and add the Caracapa to this inverse H sine. 
Then we have the unnatakala by converting the result into 
time. 
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Comm: Ref. fig. 52. LA. = AN. LA. — Carajya = 
B.N. Hvers ! (BN) — arc EN. Aro HN + Caracapa= 
EN + EM = MN. This converied into time is evidently 
the Ünnatakala becaus: the aro MN of the equator is the 
sro intercepted betw:en the feeb of the declination 
circles at rising and at the time concerned M being the 
foot of the rising declination circle and N the foot of that 
at the time in question. The convention of signs is 
clear. 


Verse 70 and first half of 71. To obtain the Sun’s 
longitude from the shaiow 3. 


The gnomonie shadow at noon, being multiplied by R 
and divided by K, the inverse H sine of tha result gives 
the meridian zenith-distanca. This being decreased or 
increased by fhe latitude gives the Sun’s declination 
according as the extremity of the shadow is north or 

From ihe declinasion, we have the Sun’s longitude 


by the formula Hsin § = H sin 4 H sin ७ 


Comm. We have from the triangle formed by the 
gnomon and the shadow 8, x = Sing or E — H sin z 

. ae wien gi 

. Hsin =) = Z. Since we are directed to take 
the mid-day shadow, we have the meridian zenith-distance. 
and from the formula z+ 8 — 9 we have हे. If the 
extremity of the shadow be north, the Sun is south of 
the zenith, and then P~z2= 8. The word बियुक्तताः is 
used to signify diiferonce which is positive. If z >œ 
then the declination is south and vice-versa. If the 
extremity of the shadow is on the south, the Sun is on 
the north of the zenith. in which case ¢ + z = à. 


Second half of verse TL. To obtain @ ftom 8. 
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If the zenith distance and the declination are of the 
same direction, their difference, otherwise their sum will 
be the latitude. | 

Comm. Suppose the zenith- 
distance is north and decli- 
nation also north, then 
clearly from fig. 58, in this 
position 8, of the Sun QS, — 
28,— à —8-—Z (1) Again 
in the position Ss of the Sun, 
zenith-distance is south and 
declination is also south; so, 
here also difference gives dj 

Fig. 58 ie. Z8, — QS; = Z — 8 = g. 

(3) In the position S, how- 

ever, Z is south and हे is north, so that their sum is 

equal to 6. It will be noted that the Hindu convention 

of signs does not contemplate negative declination and 

also it uses the word ‘difference’ to signify the positive 

difference, as for example, in the first two cases O~ Z is 

taken as @. The modern formula Z + 6 = ¢ applies 

universally with the convention that हे is +ve if north, 
6 is +ve if south. 


Verses 72,73. To obtain the Bhuja from the shadow. 
AXK 
R 
the Chayákarna. This Karnagraà is to be taken as 
belonging to thc opposite hemisphere to the Sun. Calling 
this Karnagra as a and the equinoctial shadow as s, a ts 


Sa re 
5 


Karna Vrittagra = 


where A = Agra and K 


according as छे is south or north gives the Chayabbuja b. 
Thusats== b. If the extremity of the shadow be on the 
north and हे ke north, then b+a =s; if 6 be south 
ba-s li b be north, bs = A, otherwise ie. if 

R xa 
south b-Fs-—24. मू 
Agrā X Koti of latitudinal triangle __ 

] of the latitudinal triangle 


= Agra and 


sin 
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Comm. These verses are very important and the 
contents have been already elueidated under verses 13-17. 
We shall elucidate the convention of signs in more detail 
both from the modern point as well as from the Hindu 
traditional point, First we shal] discuss the modern. We 
have the formula A = S + B where A = Agra, S = 
Sankutala and B, S'anku-bhuja. et us confine ourselves 
to north latitudes alone, for, south latitudes did not 
concern the Hindu astronomers. Then treating north 
declination as positive and also north Hindu azimuth as 
positive the above formula holds universally. ( Ret. fig. 69) 
Let the figure represent the meridian plane. Let S,, Sa, Ss 
be the projections of the Sun's positions in their diurnal 
circles on to the meridian plane. Let A, B. be the 


N { 
NN 


Fig. 59 
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projections of the rising points of the Sun on the same 
plane. Let perpendiculars be dropped from §,, S, Ss on 
the plane of the horizon. Let o be the centre of the 
sphere. Let ns be the north-south line. In position 8;, 
S,0 = Sanku-Bhuja, KA = Sankutala, oA = Agra, so 
that A=S-+B (1) In the position Ss. S,D = Sanku-Bhuja, 
LA = Sanku-tala, oA = Agra, so that B +A = 5; but 
here B is negative, a the azimuth being south so that writ- 
ing — B for B, -B+A=S ~. A—S-- B again. In 
position S, OB=A, MB—8, OM=B so that A--S—B; 
but here A is +ve, © being south and B is negative a 
being south; hence writing — Aand — B for A and B 
A+S=-—B or A=S-+B again. This shows that 
with the convention cited above A=S-+B holds good 
universally. 


Now let us consider the situation with respect to 
the Karnagra. Hachjof the three quantities a, 6,s have 
now opposite directions, If à be north, the Sun will be on 
the north of Equator, but the extremity of the shadow will 
now be on the south of the Equinoctial shadow line 
(H.S.L.) ie. the line which is parallel to the East-west 
line at a distance of the equinoctial shadow ४, and which 
is tbe locus of the extremity of the shadow on the 
equinoctial day; thus when the Agra is considered to be 
positive being on the north of the East point, the 
Karnagra, though it is on fhe south will have to be 
considered positive. Similarly when the azimuth of the 
dun a is on the north of the prime-vertical and is so 
considered to be positive, the extremity of the shadow 
being on the south of the East-west line and has a 
negative azimuth, the bhuja is still to be considered 
positive. Again the S'ankutala being always south of 
the Udayasta Stitra being considered south and positive, 
the corresponding quantity into which it gets converted 
on the horizontal dial namely the equinoctial shadow s 
will be north of the East-west line and will be considered 
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positive, In other words in the equation a = b +8, a 
is positive when छे is north, b is +-ve when the azimuth of 
thé Sun is north of the East point, and s is always 
positive. Since in north latitudes, Sankutala will be 
always south of the Udaydstastitra and considered positive, 
the E.S.L. will be on the north of the Hast-west line so 
that s is considered positive. We should have had to 
considerts negative in southern latitudes, as per the above 
convention but as the Hindu astronomers did not have 
to concern themselves with south latitudes, the question 
of sign for s did not arise except taking it as always posi- 
tive. Hence the equation a = b + s will hold universally 
with the same conventions of sign which we stipulated 
with respect to the equation A = B + S. The foregoing 
analysis is on the modern lines. | 


Fig. 60 
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Now let us see how the convention of signs is 
stipulated in Hindu astronomy with respect to the equation 
a= b + s. We have said that ‘s’ is always north of 
the East-west line and considered positive. Regarding 
‘a’, it is said by Bhaskara व्यस्तगोलळा which means 
that when हे is north and the Sun is said to be in 
northern hemisphere, a is said to belong to the southern 
hemisphere. Also when the Sun is on the north of the 
prime-vertical and S'ankubhuja is considered north, the 
Chayabhuja being south of the East-west line is considered 
south. With these conventions of directions (we say of 
directions, and not signs because the Hindu astronomers 
do not speak of signs but only of directions) it is stipulated 
in Hindu astronomy that quantities of like directions are 
to be added, otherwise their difference is to be taken 

शगः, भिन्नदिशोः stacy’. This convention stipul- 
ating addition or difference is technically called ° 
Samskara '. That is why it is said simply 

ie, ‘Samskara (on the aforesaid lines) 

is to be effected between a and s to get bhuja b’. Here if 
may be reiterated that the word ' अन्तरम्‌ ie. ‘ difference’ 
is used in its restricted sense namely that the positive 
difference alone is to be taken. Thus the ‘antaram’ of 
8 and 5 is 3 a3 well as that of 5 and 8 is also 3. Thon it 
might be asked how to decide the direction of the bhuja, if 
we were to take s as equal to a~b and not a-b or b-a. 
The answer is that between a and s whose directions are 
known as per the aforesaid convention, equating their 
difference ie, a~s to b, we have to fake b as having that 
direction which is indicated by that-quantity either a or s 
which has a larger numerical value. 


Thus while on modern lines we take a=b-+s to hold 
universally with the convention of signs which we have 
agreed to on modern lines namely that a is +ve if हे is 
north and ७ is positive if the Hindu azimuth is north of 
the, East point and s is always -+ve, we take on the Hindu 
lines a+s=b with the conventions stipulated with respect 
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to directions (not of signs) namely that ais south if @ is 
north, s is always north and b is to be taken to belong to 
that direction to which the numerically bigger quantity of 
a and s belongs in the case of difference. Also it is to be 
taken to belong to that direction of a and s when both of 
them have the same direction. 


With this convention in mind, Bhiaskara clarifies the 
convention by citing examples. 


(1) 825, हे is north, Agra=916/-48” K —930 so that 


be taken to be व्यस्तगोळा ie. belonging to the direction 
opposite to that of 6). 


Question, “ What is b and of what direction ?"' 


Answer. b =a+s = 8 (south) ~ 5 (north). (We are 


taking the difference because Samskara is to be construed 
as addition of quantities having the same direction and 
difference of quantities of opposite direction .. 5 = 8 
and is on the south because the numerically bigger quantity 
of 8 and 5 belongs to south. 


Q. 2 ठे 18 north S=5, A—910/-48" ; K —15, ‘what 
ig b and in what direction ?' 

Answer, a = = 4; b = ats = 4+5 = 4~5 (here 
a is south हे being north and s is north so that difference 


is stipulated as above) = 1 (north because 5 belongs to 
north. 


We add here two more examples to illustrate addition 
by saying that हे is south in the above examples so that a 
is north in both the examples. Hencein (1) b=8+5=13 
(north) and in (2) b=4--6=9 (north). Refering to Fig. 60 
we see there three cases depicted namely the extremi- 
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ties of the shadows being A, B and C. In the first case 
AL = Karnagra=a (Karnagra is the distance of the 
extremity of the shadow from the H.8.L. namely K.L.R. 
whereas bhuja is the distance of the same from the East- 
west line namely PMN) AM = bhuja and ML = sso that 
b=a-+s addition being justified since both a and s are of 
the same direction namely north. In the second case 
BK = Karnagra, BN = bhuja and NK = s so that b=s—a, 
the difference being justified because a is south and s north. 
Here we have taken the difference as s-a and not a-s 
because s is numerically greater and being oriented north, 
the bhuja is north. In the third case, PR—s, OP} and 
CR=aso that b=a—s, the difference being justified be- 
cause s is north and @ south. Also we have taken the 
difference as a-s and not s-a because a is numerically 
greater and as such lends its direction namely ‘south’ to 
the bhuja. Thus in the three examples cited, addition 18 
prescribed between a and s only when the extremity of 
the shadow is to the north of E.S.L. In the case of 
A=S+B or B=A—S also, addition is prescribed only when 
® is south, which means that the corresponding a ie. AL 
is north. In fact the prescription of addition or differ- 
ence accord in the cases of both the equations either 


Verses 14 and 75. Hereafter questions are being set 
and answered on diurnal problems 


Seeing the shadow of the gnomon, the azimuth and 
longitude of the Sun or seeing two shadows with. their 
respective directions, whoever knows the equinoctial 
shadow of the place, I consider him as the Garuda or Hagle 
who could overcome the false pride of puffed up snakes of 
astronomers 


Given that when K=80 units, the bhuja is 3 units 
south, and when K=16, the bhuja is 1 unit north, com- 
pute the latitude, or again given H sin ठे = 846 and given 
K and b of a shadow, compute the equinootial shadows 


310 
Comm. The questions are clear the second verse 


illustrating the first. 


Verse 16. Answer of the first question. 
bi E, bE, 
K, ~ K, 
or opposite directions. 


= 8 according as the bhujas are of the same 


Comm. Suppose b, and b, are of the same direction so 
that b,=a,—s and b,=a,—s, taking the modern convention 


TR KA K,A 
of signs. Buta, = B and a, — n 
K.A K,A 


K È K, 
K, b, — Kı b = s (K, — Ej) 
K, b: — K, 5, 

K: - K, 


8 = 


If, however b, and ७, are of opposite directions ie. of 
Opposite signs, writing — b, for bg, we have 
— १,०१०, +K, 5, 
K, m Ks | 
modern convention of signs; otherwise we have to con- 
sider four alternatives, for, bhujas of the sama direction 
might mean both of the type OC (fiz. 60) or both of the 


type of OB or one of the tyye OB and one of the fype of 
OA or both of the type OA, 


8 Here we have chosen to follow the 


Verses 77 and 18. Answer to the second question, 
Let Laghu = L = (idy, 12° (L.—0?) = Adya; 


ne : 12! b. Let Adya and Para be divided by L~ 12"; 
eall them still Adya and Para; then J Para? + A + Para 
, à RE 
== $ according as b is north or south. के 
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Comm. The data are 
H sin हे, Kand ७; since -K 
and b are given a is known. 
Thus from the triangle PZS 
(fig, 61) we have sin 8 = 
sing cos z+cosġ sin z sin a, 
all quantities except ¢ 
are known. Solving this 
frigonometrical equation 
which is of the form a cos ¢ 
+bsing =c, we oan 
Fig. 61 have d. | 


We shal! now see how it is solved by Bhaskara. Let 
s be the equinoctial shadow. Then 


a=b -4s = = z Hari 

But उट = ए = 222 Ó so that 

H cos ¢ = eae 5a Substituting in I 
b+ 8 = KH sin ò VIF Fè 


12 R 
which reduces to 12° R? (b + s? = K’ H sin’ 8 (12? +s’) 
^ 16, s? (12 R? — R? H sin? हे) + 2b 12 R? s = 
19? { (H sin? 8) K? — BR} 
ie. # (18° — E Hin 9), 2, 12° 8, s) = 12° 
K? H gin? Ü Bs p 
Cw) 
2 RE | 
Here £ Hd ð is symbolized as L 


12° (ते — a") put as Adya and 12° b is put as para, 
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So the equation reduces to 
8१ (189 — È) + 2, Para s = Adya; Divide throughout by 


TP, Para buon Ady 
122 — Land put'again FI as Para and क. I, 


Adya Then the equation reduces to s + 2 Para s = 
Adya; completing the square (s + Para)’ = Para -+ Adya 


s + Para = N Para? + Adya 


s =: Para? + Adya — Para as one solution. 


We have taken to start with a =b +s which holds 
good according to the Hindu convention when 6 is 
south; if, however b is north a = b ~ s s0 that (b ~ s)? = 
8 + 00 — 95s. Soin the equation we have to write —s 
for s, so that we have now s — 2 Para s = Adya ie. 
(s — Para)’ = Para? 4 


s = N Para? + Adya + Para as the second solution. 


Verse 79. When the Sun’s longitude is 185, the 
shadow of the gnomon is 12 units and west. What is the 
latitude ? i 


Comm. Here is a method of obtaining the latitude 
of the place by observing the gnomon’s shadow when the 
Sun is on the prime-vertical . 


Verse 80. Answer to the question above: 


12 R gr oos ui 


19 Hsin 8 
NSama-Sanku’ — H sin? 8 


Comm. Solution in modern terms. 


S = 12 .. tang=1 ..7- 45; but when the 
Sun is on the prime-vertical, we have by Napier's rule , . 


Sin 8 = sin ¢ cos z = sin @ V9. Butsinee 4 = 135° 
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Sin ò = sin isin» = sin 185 sin o = JJ sino 


sin ġ V3 = J/2sino .. w=¢g 
. tan dj = tan 24° 
= 4452 ©. s= 12 X .4452 = 5,8494 = 6” — 20" 
Bhaskara’s solution. Taking the fifth latitudinal 
triangle H sin à Where z is the Koti 
2 12 
12 H si , 
i न Ü. Bub we are given that the Sama- 
S'anku ie. 


H _ R 

cos z = R cos z = J3 because z = 46? when the 
shadow equals the length of the gnomon. 

H sin 4H sin & _ H sin 185 H sin o 


and Hsin § = R KR 
H sin 45 H sin w H sinaw Hsinw 
H sin 49 A sin® _ RIZ = H 810 a 
R NIST Jà 


+... ry... 1 9 — TT WE 2 
~x=NSama-Sanku’ — H sin? 8 JR H sin? w 


Heoso . , 1g Hsinð X42. 
J2 ' Ut H cos o iu 
19 H ein o ४2 
N/2 H cos w 
12 Hsin __ 12 X 1397 


Hoos 3438? — 1397° 
since H sin œ = 1897 (verse 12 Spastadhikara) 
— 5” ee 20/7 


Verse 81. Two more questions. 


An observer at Ujjain observed that the Sun was on 
the prime-vertical 5 nadis after Sun-rise or 5 nadis after- 
noon. If you could give me the declination of the Sun at 
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that moments I would reckon you as one who could be 


well compared with the goad that could be applied to the 
head of the wild elephants of puffed up astronomers. 


Verses 82, 83. Answer to the first question. 


Assume the H sine of the Unnatakala to be Ista Hrti 
in the first place. Multiply it by 12 s and divide by 4” the 
square of the Visuvatkarpa. Then you get an approximate 
value of H sing. Then compute with this, Hsin 6, 
Charajya eto. and thereby obtain a more correct value of 
the Ista Hrti. Multiply this by the H sin हे got before 
and divide by the first Hrti assumed. Then we havea 
nearer approximation of H sin 8. Repeat the process till 
a stationary value has been reached. That will be the 
correct H sin ð. 


Comm. We know that H sine of the Unnatakala is 
nearly the Istantyaka. It will be noted that Istantyaka 
is the sum of two H sines namely (1) Carajya (2) 
H sine of Unnatakala minus Chara. The second H sine is 
called Sūtra or H cos h. (Vide page 278). 


Thus Sutra +- Carajya = Istantyaka whereas 

H sine (Unnatakala) = H sine of the Capas of Carajyà and 
Sūtra. In other words H sin (Unnatakdla) = 

H sin (H sin-' Carajya + H sin^' (Sütra)). Ista Hrti is 
Istantyaka X Ho B But we do not know H sin हे so 
that Ista Hrti could not be got. So we will not be far 
from truth in assuming the given Unnatakala to be Ista 
Hrti itself ie. Taddhrti here, as the Sun is on the prime- 
vertical. The formula for Taddbrti is 


H cos ¢ H sin . 19 3 125 


815 


T ti 

T Ts = sin 6. Thus assuming H sine 
of the given Unnatakala to be Taidhrti and multiplying 
it by 12 s and dividing by i we have the value of Hsin €. 
But this is approximate because the given Unnatakala is 
not exactly Taddhrti but only an approximate value. 
From this Hsin à, compute H cos 6, Charajya, Kujya 
and through the process indicated in verse 64 namely 
“Subtract the Characdpa from the Unnatakàla. The 
H sine of the result is called Sūtra. Multiply the Sti:ra 
by H cos ® and divide by R; then we have Kala, Add 
Kujya to Kala; we get Ista-Hrti’’, we obtain a more 
correct value of Taddhrti. Then here we may cut short 
the process 88 follows namely ‘If by the assumed Taddhrti 
we had the previous H sin हे, what shall we have for this 
more approximate Taddhrti'? The result will be a more 
approximate value of H sin ò. Again form the Taddhrti 
with this H sin and so repeating the process till we have 
a stationary value, we have the correct value of H sin हे. 


Note. This is a beautiful example of the method of 
successive approximations which is & modern technique 
but which was so much in vogue and favourite with the 
Hindu astronomers. (It will be noted how to cut short the 
method). 


Verses 84, 85, Answer to the second question. 


Obtain 12? R?/(R* — H sin? h) s? + 1 and divide R° by 
this and take the square root which gives Hsing. Then 
RX Hsing 
~ Asin ow 
of the Sun. 


gives H sin 4 whose Capa gives the longitude 


Comm. The H sine of the given Natakala is H sinh 
and R? — H sin? h = H 608 h. Let Hsin हे bea, which 
is required to be found. Then R° — æ = H cos’ हे; 
H cos k = Sūtra and 


Sutra X H cos è _ gaja — Hoos h H eos § _ 


R R 
H cos h NR? — r 
R 
But Kala is the Koti of the fifth latitudinal triangle of which 
H sin हे is Bhuja. Hence M s —Hsing-z 
H oos h NR? — Hsing H ain 
po > SY nx; but 
n R H cos 6 "d 7" H cos g 
8 "E 2 n2 9 
Squaring both sides (RISH sin PUR) x 13 is 


. IPRs R (R?—H sin’ h)—s’ 2? (R — H sin? h) 
ie. x? {(12? RFs? (R?—H sin? h)}=s" R° (R°—H sin’ h) 
$ R? (R? — H sin’ h) 


2 E  ——— —— —— M M M —— UM वाडा तल 
"OC 19 R + s*(R? — Hain h) 
RB t= — R 
IR 044 VENUE 
s? (R* — H sin? h) s* (R?—H sin? h) 


H sin हे as given, From H sin हे, the method of obtaining 


H sin प sin ७ यन gin 3. In 


r 


Ais clear from the formula 


the given numerical example h = 6 nādis = = 80° 
since 60 nadis of time correspond to 360°, 
Thus H sin h = 2, the remaining work follows, 


Verse 86. Another question. 


When the Sun is on the prime-vertical the gnomonio 
shadow is noted to be 16 inches. The Unnatakala is 8 
nadis, If you could give the H sin § and 3, I shall con- 
sider you nothing short of one who is an adept in solving 
the totality of the diurnal problems, 


Verses 87 and 88, Answer to the question, 
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Here also assume H sin (Unnata) to be the Taddhrti 
as formerly done. Then as the shadow is 16”, 
K = Vie — 90". Then Heosz = oa x 8488 
Unnatakala = 8 nadis = 48°, 


H sin (48°) = assumed '"Taddbrti. Then from the 


fourth latitudinal triangle, Hsin 48 _ A 
H cos z 12 
12H sin48 — 20 Hsin 48 


.. Approximate value a k 18 12/20 x 3438 ^ 59958 
This is à known quantity from which s could be computed 
since 19? + & = k?. Again from the fifth latitudinal 
H sin 8 
9, 39. 

Here s, & and 8. S. (Samamandala-Sanku) are known 

H sin ठे could be got approximately. Thus we have 
found approximately the required quantities s and Hsin 8, 
From this H sin 8 and s we have to compute again H cos 8, 
Carajya, Kujyā etc. and applying the procedure of verse 54 


H sin (Unnata oara) X H cos ò -+ Kujyā = Ista Hrti; this 


triangle 5 = 
iang i 


is nearer value of Ista Hrti than the assumed Taddhrti. 
From this again obtain as before s and H sin ò; we could 
not apply the proportion “ If by the assumed Taddhrti we 
have the previous Hsin हे, what shall we have for this 
computed Taddhrti (Ista Hrti)’ for the reason given 
below. So Repeat the entire process till an invariable 
quantity is got which will be the correct value of H sin 8. 


Here repeating the entire calculation is correct and 
; . R sin 6 

0 use Taddhrti = Boo 
not taking the proportion because Laddhrti क 


where sin 6 and sin ? are both to be computed, 


Formerly we could fake the proportion in verse 81 
because the latitude of Ujjain being known, in the magni- 
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R H sin ò 
Sin 6 cos @ 
variable and Taddkrti is directly proportional to H sin हे. 
But in the pre ont example both H sin हे and Hsin @ are 
both variables so thut, that kind of rule of three does not 
work, 


tude of Taddbrii namely only Hsin हे is 


Verse 89. Oh! Mather atician! At a place where 
s = b", there 10 nàdikas after: Sun-rise the shadow $ is 
observed to be 9”. Tell me what the longitude of the Sun 
would be, if you are an adept in computing as well ag 
understanding the geomeiry of the sphere. 


Verses 90, 91. Answer to the question posed. 


Assume H sine (Unnatakala) to be Istantyaka. Then 
K x Heosz X R 

12 X I. A. 
R^ — H cos’ ô = H sin" 6; from this approximate H sin ô 
and the given s compute 2 more approximate I, A, Repeat 
the process til an invariable quantity is obtained for 
H sin ô, which will be its correct value. From this, using 
H sin 4 H si 

R 


H cos ð where I. A. = Istantyaka. 


ihe formula H sin ô = 


Comm. We know the formula for I. A, as 


R? H cos z , 
Point A atakalaivd 
H eos p H cos à ssuming Unnatakalajya as I, A 


: R* H 30 
taka] su ETE pea a 
H sin (Unnatakala) त ace Haunt 
R'Hoosz _ &> RX Hoosz 
12 R. I.A. 12 X I. A. 
k 
which obtaining H sin ó and proceeding as indicated we 
have 4. In the above proof we have used our formula. 
But Hindu Astronomers proceed from first principles. Let 
us hear Bhaskara. Since 8 = 9"; K = J/g? + 18 = 16” 


: from 
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Rx19 8488x192 
K 15 
We know that Maha-Sanku forms a latitudinal triangle 
with Ista Hrti. 
H cos z 12 


° Maba-S'anku = H cos z= 


= 2750-94. 


TALI J. Ista Hrti = 
Ista Hrti k Ins ru 12 
Istantya = Ius ie, H cosô = . 
.. Hoos Istantya 
_ Hoosz Xk XR 


cen 


ग substituting the above value of Ista 


Hrti. Here H cos z is got above and 1, A. has been agsu- 
med above as H sin (Unnatakila). 

Note. (1) Computing 

.,12R NSF 14” X 
15 ^ 12 X Hsin (60) 
R? X 13 18 Rx2 MEM 
iB Hen 6)" iBxJ3' 00 Heosd B which is 

invalid. 


(9) This is the only place where Bhaskara gave a 
numerical example with a slight flaw. In other words, 
under the given circumstances the shadow must be greater 
than what is given. However, the procedure indicated is 
mathematically correct. 


(3) It is interesting to note that the flaw was noted 
by a commentator named Laksmidasa as reported by 
Munizwara in his Marichi Bhasya. Muniswara also 
noted the flaw but argues away in an untenable way. 
Another commentator named Ganesa who was the author 
of the commentary named S'iromapipracasa, does not seem 
to have noticed the flaw, or even if he did notice, probably 
he fought shy of pronouncing that there was a flaw. In 
fact a simple flaw like this in numerical examples, is not 
in the least derogatory to the prestige of Bhaskara. So, 
the commentators who happened to notice the flaw need 
not have pointed the same. 
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(4) Or again in the given place, for the value of 
H cos ô to be valid the Unnatakala 2 must be such that 


15 H sin * > 13 R so that H cos might be less than R. 
This means sin X > i$ = .8667 so that x > 60°—4’; so 
instead of 10 nadikas, if the time were given to be just 
even one Vinadika greater, it would have been alright, or 
again if the latitude were given to be just a little less it 
would have been alright. 


Verse 99. Oh! Mathematician! please tell me the 
magnitudes of the equinoctial shadow and the longitude 
of the Sun if at a place on a particular day, Kujya is 245 
and Taddhrti 3125. 


Verse 93. Answer to the questiou above. 


s = Xj. 144 Kojyà — ana H sid 6 = 12 Euiva 
Taddhrti —Kujyaà S 
and H sin 4 = E H sin à i 
H sin 9 


Comm. From the fifth latitudinal triangle compared 
‘with third, 


Kujya _ Krantijya — _ Agra 8 

Krantijya Taddhrti—Kujya 8,8. 12 

(1) (2) (3) (4) 
Multiplying (1) by (2) Kujya $ 


Taddbrti—Kujya 12 


_ 144 Kujya oe here 
$ Wl peter ai Also Equating (1) and (4) 


Krantijya = P Kujya. 


Verse 94. Given that H sin ô + S. S. + Taddhrti— 
Kujya = 6720, and Kujya+Agra++H sin = 1960. Then 
I shall consider him who finds s and the longitude of the 
Sun as the very Sun illuminating the lotuses of astronomers. 
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~~ Verse 95. Answer to the question above. ” 


Divide 13 X Second sum by the first sum. that will 


be s, Again 12 x Second sum Hsinó, From H sin à, 4 


124+-s +k 
could be had as before. 


Comm. Comparing the third and fifth latitudinal 
triangles | 


_ __  wKrantijya Agra _ 3 
Krāntijyā Taddbrti—Kujya S.S. 12 
Kujya + Krantijya + Agra 1960 7 


Seo ihe nt 


Krantijya + Taddhrti-- S. S. — Kujya 6720 24 
8 = 7/24 x 18 = 7/2 = 81". 


Again comparing the third and the first latitudinal 
triangles 


: " 12 _ k $ 3-12 +k 
Kujya  Kràntiya Agra Kujya + Agra + Kràntijya 
(1) (2) - (3) (4) 
_s+12+% 
1960 
(5) 
Equating (2) and (5) Krantijya = an ee 


12 x 1960 _ 12 X 1960 
“BAG अक 28 
25/2 which is the hypotenuse of the triangle formed 
by the equinoctial shadow wifh the gnomon 


= 840 since when s = 7/2 


Equating (1) and (5) Kujya = 245; equating (3) and 
(5) Agra = 875 


Now from the fourth latitudinal triangle compared 
Agrā 8, 8,  Taddhrti 

„With the first —— = E य 

o 0. (8): 


41 


922 


24 


From (1) and (2) 8. S. = 17 x Agra = X 876 = 8000 


From (1) and (8) Taddhrti = र X Agra 


= 98 x 2 > 875 = 3125. 


Note, This isa beautiful example exhibiting Bhas- 
kara’s dexterity in algebra. 


Verse 96. Given that the sum of Hsin ô, S. 5. and 
Taddbrti — Kujya = 1440, and the sum of Agra, S. 8. and 
Taddhrti = 800, I shall deem him whoever finds s and the 
longitude of the Sun, as the very Sun illuminating the 
lotuses of astronomers, 


Verse 97. Answer to the problem above. 


The second sum divided by the first and multiplied 
by 12 gives k from which s could be got. Then the first 
sum divided by s + 12+ k gives H sin ô from which the 
longitude of the Sun could be got. 


Comm, Comparing the third and the fifth latitudinal 
triangles, we have 


Agra _  — S.8. _ Taddhrti 
Krantija ^ Taddhrti— Kujya 9, 8. 
(1) (2) (3) 


+ S. S. + Taddhrti 
19 Krantijya + Taddbrti — Kujya + S. S. 1440 4 
(4) (5) (6) 


Equating (4) and (6) k = oes - 16 


k'* 225 = 19 + 3° ,', 83 9, Again comparing 
the fourth latitudinal triangle, with the fundamental 
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MOPARS a ee ieu eem ee “का 


(4) 
Equating (1) and (4) Agra = 9X 50 = 450 
Equating (2) and (4) 8.8, = 12 x 60 = 600 
Thirdly Taddbrti = 15 X 60 = 750 


Again Equating (1) and (6) of I 
Agra _ 6 _ 450  . ~ _ 450X4 
Kin 4 Kaa SO 
= 380 from which 4 could be computed. 


Verse 98. The chara at a place where s = 9, is equa| 
fo 3 nadis. If you could compute the longitude of the 
Sun, then certainly you are a leader among astronomers, 
Oh! Scholar ! 


Verse 99. Answer to the problem above. 


12 Carajya ञ__Hsin 8 where from 4 the 


NIE x CAMERA + ह 
R 


longitude of the Sun could be computed, 
Comm. Let H sin à = z; then from the third lati- 
Kujà . s _ 9 3 


wt—— 


Audinal triangle Krantijya 12 12 i 
3 T , 
Ku]yà = = since Krantijya means H sin 6 


4 
3 a R 3 Rez 
C A जव eee मा दका 
xis 4° Hoos 4V7R?— 2 
= H sin (3 x 6) = Hain 18° .. Squaring 
9 R° ५० = 16 (R? — x") H sin? 18 = 16 Carajya* (R? — x) 
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'. X (9 R? -+16 Carajya?) = 16 R°? Carajya? 


a _16R*Carajya’ . A R Carajyā 
GR? + 16 Carajya^ ४9 R? + 16 Carajya 
12 Carajyà | 2 Carajya 


x 4 (12 uj 


Here Carajyà being known, H sin ò could be computed. 


Verse 100, If you studied what is known as Madh- 
yamaharana, then compute 4 the longitude of the Sun 
given that H sin हे + H cos ð + H sin ^ = 5000 


Verse 101. Answer to the problem above 


Let the given sum multiplied by 4 and divided by 15 
be Adya; then H sin § = 


Adya ~ »/ 910678 — 2 square of me giver sum 


Comm. Let Hsin —*; then H cos § = 
: i in 4 
Hein = H sin © H sin 


a 
_ *R _ > 
~ Asin’. . 1897 
The given sum = x + JR* — x? + 139; ^ 9000 
xi = 6000 — x(1+ 8) = 5000 - 


ae UU 4856) 2 x 5000 x 4835 
pudo pet te 1397 


4835") _ 2 x 5000.x 4835 
+ a 
{ 1397} 7 71807- R* — 5000 
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ie. x? (1397°+-4835°) — 2x 4835 x 1397 x 5000 x = 1397? (R? ~ 50001) 
ie. x? (25328834) — 2 x 4835 x 1397 x 5000 x = 1397? (R? — 50009) 
2 X 4885 x 1397 x 5000» _ 18y7* (Rə — 50002) 


y Meee cee DER doct DK Tad: ee aa एक diio NE 


25328834 25328834 


£ 
Converting 2585 into a continued fraction we have 


Ed 1.4 v dat TEPORE 
3i T:3^715? hat the equation could be meen ag 
Gus 5000 >-€ — 189 (Re — 5000?) 


25328834 


Here XA is symbolized as Adya so that we have 


x? — ठे Adyax = 


50002 > 16 4 5000 X 1897 , 1397* X 34382 


225 589888 * 2889888 
[2s 1397? \ . 18975 x 34882 
226 १532883) 2539888 
Here ER is approximated to 2 


225 532883 


d LOGI A, OFVO 


2532883 
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is approximated to 910678 so that we 
have | | 

नाला 2 82 TE " 

x = Adya + Y. 910678 — 385 where s is the given. sum, 


Since the positive sign of the radical is invalid because 
.H sin 8 > R, so the negativé sign is taken. . ..- ~ 


Verse 102, In a place where s — 5", the sum of 
Hsin छे, S. S., Taddbrti, Kujya and Agra is 6500; find 
them individually oh, mathematician, if thou art adept in 
understanding the sphere and dealing with the latitudinal 
triangles, 


Verse 103, Answer to the problem above. 


Assuming H sin हे to be equal to 12s and computing 
the various quantities cited; take their sum, Then by 
rule of three “If for this sum got, the individual magni- 
tudes are such and such what will they be for the given 
sum " each oan be had. 


Comm. The cited magnitudes are respectively H sin 8, 
R H sin 8 RH sin 8 H sin à E sin d 
Hsing ’ Hain ġ Hsing’ H sin ? 
RH sin ð 
H cos ¢ 
given through 's'. With this idea of proportionality at 
the back of his mind, Bhaskara sets this ingenious ques- 
tion, and gives an easy way of solving it by assuming 
H sin ® to be 5 X 12 = 60, so that the others can be got 
rationally, 


and 


which are all proportional to H sin à, ¢ being 


3438 x 60 


th thi & «60 
With this H sin 6, S. S 3488 x 8/18 


— 156, Taddhrti 


3438? x 60 M" Qu YAY gs 
3488 x HX 8488 x 1à VP AYE "19 X 123/18 | 
x 60 


3988 x 13/18 — ° 

The sum of these is 475. So, by the rule of three men- 
tioned above, Hsin हे = 1200, S. S. = 81920, Taddhrti = 
3380, Kujyà = 500 and Agra = 1800. 


Or alternatively given s = 6, k = 1880 that Hsing = 
j = 3488 X 12 
13 ` 
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pU 
5 1 

H sin ô X 18° Hsinô X5 "n Hsin ó x 18 
60 i 12 12 6 


13 169 6 _13 
5 60 119712 


60 + 166 + 169 + 25 + 85) 454. 95 
MO M ee ML. ee 6 = 
( 60 Bo H sin 


the various magnitudes are H sin 6, 


The sum of these is H sin § (1 + 


H sin ® 


— A 


12 


H sin ô= 9500 .. Hsin = 1200 from which by substi- 
tution the remaining magnitudes could be obtained. 


Verse 104. If the sum of Agra, H sin 6 and Kujya be 
9000 find them individually, oh! mathematician if thou 
be an adept in the geometry of the sphere and compus 
tation. 


Comm. Here the quantities are respectively 


RHsind H sinp and HS Hii? | 
H cos È ` H sin ठे an H cos 9 so that their 
gum is H sin 8(1 + ul, Hier = 


_ Haind (H sin ? + H cos ? + R) 
H cos p 


Here also we are to presume s = 5 so that the above 
sum is Hein ($ (by proportion of the first and 


second latitudinal triangles) = Hsin ?(5 112 1 19 m 
sHsin§ = 2000 .. Hesin ô= 800. Substituting this 
value in the above formula, Agra 


RH sin 6 3488 x 800 X 18 10400 
cos ? 3488 X 12 19 866-40 
H sin 6 H sin e 800 X 5 _ 4000 


Baye H cos ¢ 19 * 12 
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OG = Gnomon; OP = Shadow of the gnomen; 
PM = the Bhuja drawn from the extremity of the shadow 
P perpendicular on the Hast-west line; OM = Koti of the 
shadow extending along the Hast-west line. AB is the 
Nalaka placed along the Chayakarna PG. The eye is 
placed af A and the planet © is visible through the tube 
of the Nalaka AB. 


Verses 105, 106 and 107. The method of observing 
through the instrument called Nalaka, the planetary 
position. 


On a horizontal plane mark a point and through it 
draw the East-west line and also the North-south; if the 
planet isin the Hast mark off the computed Koti of the 
shadow towards on the Hast-west line: if the planet is in 
the Western hemisphere, mark this Koti towards thë East. 
From the extremity of the Koti mark the computed Bhuja 
perpendicular to the Hast-west line and draw the computed 
shadow from the point so as to form a right-angled 
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triangle with the Bhuja and Koti. Extenda thread from 
the point of intersection of the bhuja and shadow to meet 
the gnomon’s top so as to form the Chayakarna or the 
hypotenuse of the right-angled triangle of which the other 
sides are the gnomon and the shadow. Along this thread 
place the Nalaka such that the lower extremity of the 
Nalaka coincides with the eye. Seeing through the Nalaka, 
the planet is to be seen. 1 shall tell how the planet could 
be seen in water as well. 


Comm. The Nalaka is a simple tube formed generally 
of bamboo. The purpose of this is to verify the correct- 
ness of the computation of the shadow and its bhuja. If 
the computation is wrong the planet will not be seen in 
that direction. It might be asked how the shadow and 
bhuja are pertinent with respect to a planet, whose shadow 
cannot be observed as that of the Sun. True, but the 
computation of the shadow and bhuja are done as will be 
done with respect to the Sun, knowing the declination etc. 
as in the case of the Sun. Computation does not depend 
on the observation of the actual shadow. Computing the 
magnitudes of the Bhuja and Koti, the direction of the 
Chayadkarna points to the planet in the sky. 


Verse 108, Observing the planet through the Nalaka 
in water. 


Fig. 63 


42 
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Place the Sanku at the point of intersection of the 
Bhuja and shadow and holding the Nalaka along the join 
of the top of S'anku and the point, the planet could be seen 
ih a basin of water placed at the point. 


Comm. Let P be the planet casting the shadow AC 
of the gnomon AB. C the extremity of the shadow is the 
point of intersection of the shadow and the Bhuja. 
Though we have shown the gnomon;in the position AB, 
if need not have been placed there in as mach as we have 
the computed magnitudes of the shadow, the Bhuja and 
the Koti, Now we are directed to place the S'anku aot- 
ually at C the point of intersection of the shadow and the 
Bhuja, Thus CD is the Sanku. Since CD=AB and 
and both are vertical evidently 4s DBA and DCB 


^^ ^x ^^ 
are congruent. Hence DOB = DAB. But DCB = zenith- 
^^ 
distance of the planet and as such is equal to BAD (also 


^M ^^ 
the zenith-distance of the planet) .. DAB = BAP, 
Hence if a tray of water is placed at A, the planet will be 
visible as seen through DH, the Nalaka since the angle 


^ 
DAB is the angle of incidence and BAP the angle of 
reflection are equal. 


Verse 109. The planet is to be shown to the king, 
who has an eye of appreciation for the same, either direot- 
ly (as shown in fig. 62) in the sky or through water 88 
shown in the-fig. 63, having finished the preliminaries 
indicated. 


Comm. Clear. 


End of the Tripragnadhyaya. 


PARVASAMBHAVADHIKARA 
Investigation into the occurence of an eclipse 


Verses 1-2. Multiply the number of years that have 
elapsed from the beginning of the Kaliyuga by twelve and 
add the number of months elapsed from the beginning of 
the luni-solar year. Let the result be x. Then add 


65 tox. Let the result by y. Then the longi- 


tude of what is called Sapata-Sürya or the longitude of the 
Sun with respect to a node will be x Rasis -+ 

(2 y + 503) (1 + 413) ? 
SN ० EE Rasis. If this longitude be less 


than 14°, then a lunar eclipse is likely to occur. 
Comm, The first operation indicated above in direot- 
uid 
ing x to be added to 2 U— eis is intended to obtain the 


lunations that have elapsed from the beginning of the 
Kaliyuga. In this behalf we are asked to multiply the 
elapsed years by twelve to get the number of solar months. 
Here there is one subtlety to be noticed. The years that 
have elapsed are not entirely solar. In fact the years 
reckoned according to the luni solar system were all 
originally luni-solar ; but according to the convention of 
intercalary months, they were rendered solar upto the 
point of the latest intercalation, for, solar months plus 
intercalary months are equal to the elapsed lunations. 
From the moment of the end of the latest intercalary 
month, the subsequent years or year or fraction thereof 
would be luni-solar only. Nonetheless, no difference will 
be there in the computed Adbikamasas in adding a few 
lunar months to the solar and taking them all to be solar, 
The maximum error committed in so doing will be of 
the order of (no. of days in a solar month minus no. 
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of days in a lunar month) multiplied by 36 x 4% X 56 
of an adhikamiass, assuming that an adhikamasa would 
occur at the latest in 36 solar months. (In fact, an 
adhikamasa would occur on the average in 824 solar 
months, but we have taken 36 roughly as the maximum 
figure in as much as the occurence of the Adhikamasa 
might be belated on account of the convention stipulated), 
Thus the error would be 86 X 2 X ह X xy = 4th of an 
adhikamása af the maximum. Hence, we are directed not 
only to construe that all the years elapsed to be solar but 
also the subsequent lunations of the current luni-solar year 
also to be solar months, Thus getting the number of 
elapsed months from the beginning of the Kaliyuga, the 
computation of the Adhikamasas is formulated as follows. 
If in the course of 51840000 solar months of the Yuga 
there be 1593300 Adhikamasas then during the elapsed 
solar months x, what is the number of elapsed Adhika- 


masas? The result is 
xx 1593300 _ x X 1593300 


51840000 796650 
51840000 
196650 


ex CE Since Bhaskara knows that there will be two 
Adhikamasas roughly in 65 solar months, he performed the 
above operation. This shows that for every 65 solar months 
roughly there occur two Adhikamasas or more accurately 
a little less than two Adhikamas. So, taking, in the first 
instance 2/65 as the ratio of Adhikamasas to the number 
of solar months, Bhaskara tries to find as to what quantity 
is to be subtracted from 2, That is found as follows. If 
there be A adhikamasas in s solar months what will be the 
number of Adhikamasas in x solar months? The result is 


v Again if there be two Adhikamasas roughly in 65 
solar months, how many will be there in x solar months? 
The answer ist. But we have seen about that the 
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accurate number should be > — 4 ie. a little less than 


— The question is now to find the value of4, So, 
ueris to AX DR MN 2 A 
९११७००६ BB $ 66 s \6B 3 
x (35284). Substituting for 2s — 65 A namely 
2 x 51840000 — 65 x 1593300 = 115500 
1. _> X 115500 ¢ X 2% 57150 . 2x." 1 _ 
65 X 51840000 65 x 51840000 665 ` 51540000 
57750 | 
65% 898 ` s 65 65 65 X 898 
2x ==} 
— ss 898 as given. 


The procedure, adopted as above, is in a way a short 
cut in Hindu Astronomy to obtaining a convenient con- 
vergent fio a continued fraction. Let us use the method 
of continued fractions; the number of Adhikamasas in 


x solar months is = ie. X X Ajs = 
$ 


51840000 172800 ' 5811 
into a continued fraction we have 


x X 1593300 x X 8311 Converting 172800 


11,1 Í to which 65 iy a convergent 
Xcilirer2 "1414184 : 


bu& & good convergent is 2 . As this good convergent 


is unwieldy, Bhaskara used 2/65 and made amends for the 
roughness introduced by adopting it. Wherever a con- 
venient convergent is not available, an easy and rough 
convergent is used and amends will be made for the rough- 


884 


ness resulting as follows. Let © be a fraction 0800707100 


M is a convergent having small numbers as numerator and 
n 

denominator, 80 that ES is taken to be equal to "(i d- 3) . 
(ced) ree seed 
Thus 5 = 7 L+, or Mn = Nm bu 

Nm 


Mn — Nm. 
case M is the number of Adhikamasas, and N the number 


Nm 


Mn — Nm = a or å = In the present 


of solar months. “if taken to be Fs 


m — 9 X Solar months 
65 X Adikamasas —2 X Solar months 
which is indicated in the commentary by Bhaskara. 


In this case 4 = 


In this context, i& may be mentioned that a Karana- 
grantha named Narasimha based upon Siryasiddhanta 
(A Karanagrantha is a manual according which the Hindu 
calendar is computed with easy numbers without under- 
going the laborious process indicated in the treatises called 
Siddhàntas like the present Siddhanta S'iromani. In 
these Karanagranthas, instead of taking the beginning of 
the Kalpa or Mahayuga or the Yuga, as the epoch, a recent 
date ie. the date of the author of the Karanagrantha is 
taken as the epoch, and processes using approximations 
are adopted for the sake of ease. Naturally therefore these 
Karanas (as they are also called) get easily obsolete 
within the course of a few hnudreds of years so that a fresh 
Karana is called for preparation, if the calculations were 
to accord with the Siddhàntas which those Karanas pro- 
fess to follow. In fact, the present Karana of Narasimha 
written in 1383 Saka year ie. in 1411 A.D. declares that 
a previous Karana named Tithicakra reported to have 
been written by one Mallikarjuna Suri grew obsoleto and 
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80, 8 fresh Karana is being written to accord with the 
original Surya Siddhanta, (Vide verses I, II of Narasimha) 
*'तिथिचक्कं यत्‌ प्रणीत मल्लिकाजुनसूरिणा, कालेन महता तस्मिन्‌ खिलीभूते 
तदादरात्‌ , नौपुरी सिङ्गयार्यस्य नरसिहेन सूनुना, cata स्फुटतरं क्रियते 
सौरसम्मतम्‌ ” This Karana takes 3/98 instead of 2/65 as a 
convergent in computing the Adhikamasas, In this case 
the continued fraction becomes 32 + = it [या So that 
the convergents are #7, °, $£ 38, Taking 98/3 as a 
convergent, let us see how if was sought to make amends 
for the roughness of the convergent. As per the Sürya- 
siddhanta the number of Adhikamasas during the course 


of 51840000 solar months of a Yuga are 1593336 as against 
1593300 prescribed by Bhaskara, Hence putting 


1508886 _ | 
51840000 * 98 \ T ) 
66389 _ 3 ( dj r 3 X 2160000 
2160000 96 2/' 66889 x 98—8 X 2160000 


= 248 very approximately. So Narasimha adopts for the 


2 
k tead of (1 z ) 
Adhikamasas instead o e 508 the formula 3/98 


Having added the Adhikamasas so obtained to the 
solar months we have the lunations that have elapsed 
from the beginning of the Kaliyuga. Then the next proce- 
dure indicated is as follows. In an eclipse solar or lunar, 
the celestial latitude of the Moon has to be less than a 
particular limit for the occurence of an eclipse. Thus in 
the case of a solar eclipse the celestial latitude of the Moon 
must be less than 32’, whereas in the case of a lunar 
eclipse it is to be less than 56’, Of course, for a solar 
eclipse to be possible anywhere on the earth, not for a 
given place, the limit is far higher as given in texts of 
modern astronomy namely pm+ s+ m — ps where pm ia 
the horizontal parallax of the Moon, ps that of the 
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ind sand m the angular semidiameters of the Sun and 
the Moon. (This formnla we shall see later’. This higher 
limit comes to 88.5’. The limit of 56° for the occurence 
of a lunar eclipse is the value of 

pm + ps — s + mas we shall see later. 


The latitude of 56/ of the Moon arises out of à longi- 
tude of 12° of the Moon with respect to a node, whereas 
the latitude of 32/ arises out of a longitude of 7° with 
resreot to the node. Since at an eclipse solar or lunar, 
the longitude of the Moon with respect to a node, is the 
same as the longitude of the Sun with respect to the same 
or opposite node, the latter must be 12° for the occurence 
of a lunar eclipse. But as the difference between the 
mean and true Suns is about 2°, the longitude is stipulated 
as 14°, In other words, for the oecurence of a lunar 
eclipse, the longitude of the Sun on the full-Moon day 
with respect fo the nearer node shall be less than 14°. To 
compute this longitude of the Sun with respect to the 
nearer node on a full-Moon day, we are given the subse- 
quent procedure indicated in the verse, In 53433500000 
lunations of the Kalpa, the sum of the sidereal revolutions 
of the Sun and the Node (Rahu) (Sum because Rahu has 
a retrograde motion) is equal to 455231168 which is equal 
to 455231168 X 12 = 54627734016 Ragis. Then in one 
lunation what will be the increase of the longitude with 
respect to the Node? The result is 


54627734016 — eros um 14652126 
53433300000 5343330000 ] 11319375) 


dividing by 48 both the numerator and denominator. 
Taking the first two digits in the numerator and denomi- 
nator of the fraction the fraction is approximately equal 
to $2 or 2/3. Taking this as a convergent we make 
amends for the roughness as follows. 


74652126 _2/, , 1) . १ 2X111819376 
111319876 8\ ' 4/ " — 8X74652126 —2X 111319376 
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__ 222688750 _ ; ; 
= aras 7 169 approximately. Hence the increase 


of the Sun’s longitude with respect to a node is 
PEE ( "S isi) 


yuga, the longitude of the node was 5 Rasis —3? —183/ and 
the arc moved by the Sun with respect to the node during 
the course of half a lunation is 0—15—20, so that their sum 
is 5 —18—38. Here we have added for half a lunation 
because the context is a lunar eclipse and the beginning 
of the Kaliyuga was a New Moon day. Also, at the begin- 
ning of the Kali, the Mean Sun being at the zero-point 
of the zodiac, the negative longitude of the node only is 
the longitude of the Sun with respect to the node. Hence 
we have to add the above longitude of 5 —18 —33 to the 
longitude obtained through the above formulation I, which 


means 168°—33’ is to be added to (1 + 


I. In the beginning of the Kali- 


h x 
ह) where 


is the elapsed number oflunations. Taking 168*— 33' as 


nearly equal to 168°—40/ (1 T + 1682? 


त + * 5 (1 t 169 Es ( T) 


approximately = (2x + 505) (1 + 1/169) as formulated. 


169) 


(1 + ) +7 (1+ 


Thus for x lunations, the longitude of the Sun with respect 
(2x -+ 503) : 
to the node is x Rasis + (1 + 18 5) If this 


longitude falls short of 14°, we could except a lunar eclipse, 


Latter half of verse 3 and verses 4, 5, Particularity 
with respect to a solar eclipse. 


Add half a Ragi to the longitude previously obtained ; 
find out on which side the Sun lies, north or south ; com- 
pute the longitude of the Sun from the number of days 
| 8 . 
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elapsed after the Samkramana day (ie. the day on which 
the Sun has left one Rigi and entered another); obtain 
the hour-angle in nadis of the Sun at the ending moment 
of the Amävāsyā ie. at the moment of New Moon; add or 
subtract one-fourth thereof in Rasis from the position of 
the Sun according as the Sun is in the Western or Hastern 
hemisphere; then finding the declination of that point 
and from the sum or difference of the declination and 
latitude of the place, obtain the zenith-distance of the 
culminating point of the ecliptic; taking that point to be 
roughly the Vitribha ie. the point of the ecliptic which is 
90° behind the Sun on the ecliptic, find one-sixth of the 
zenith-distance; taking the sum or difference of the result 
and the longitude of the Sun with respect to the node (got 
in the beginning by adding half a Rasi to his position at 
full-Moon) if the result happens to fall short of 7°, then 
we could expect a solar eclipse. 


If there be no eclipse at the current New Moon, then 
go on adding 1 Rasi~0° —40’—15” to the longitude of 
the Sun with respect to the Node (which will be his longi- 
tude for the moment of the next New Moon) and repeating 
the procedure indicated, the occurence of an eclipse or 
otherwise could be known, If occurence be indicated then 
compute the actual positions of the Sun, Moon and Rahu 
and following the procedure to be indicated in the chapter 
on solar eclipses, the moment of the occurence of the 
eclipse and other relevant details could be computed, 


Comm, In the case of a lunar eclipse, the Manaik- 
yardha ie. half the sufa of the diameters of the eclipsing 
and 8601110२6१ bodies (namely the cross-section of the Harth’s 
shadow at the lunar orbit and the Moon) is 66’, This is 
the maximum limit to the celestial latitude of the Moon 
if an eclipse were to occur, and this latitude will be there 
if the longitude of the Moon with respect to the nearer node 
is 12°. Since a lunar eclipse occurs at the moment of a ful] 
Moon, the distance Of the Sun then from the opposite node 
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should be also 12° for the occurence of an eclipse. Since 
it is customary to check the occurence of an eclipse 
through Sapatasurya ie. longitude of the Sun with respect 
to the node (the prefix Sa is to signify that the sum of the 
Sun’s longitude and that of the node should be taken, as 
the longitude of a node is measured in the opposite dire- 
otion from the zero-point of the ecliptic) it is stipulated 
that the Sapatasurya should be 12° for the occurence of a 
lunar eclipse. But, as the True Sun might differ from 
the Mean by about 2°, and as we are concerned with the 
True Sun only, the limit is increased by 2°, so that a lunar 
eclipse may occur if the Sapdtasirya happens to be less 
than 14°. Thus there is no more complication with res- 
pect to the occurence of a lanar eclipse than requiring the 
longitude of the Sapatastirya to be less than 14° for the 
occurence of a lunar eclipse. If this condition be satisfied, 
there will be an eclipse and that will be visible at all 
places, where there is night, since a body in shadow will 
not be seen from any place whatsoever. 


But, there is a complication with respect to the oocur- 
ence of a solar eclipse namely that if is not a question of 
the Sun entering a shadow. The Sun could never be 
shadowed. A solar eclipse occurs when the disc. of the 
Moon comes in between the Sun and an observer and 
obstructs a vision of the Sun's disc. The Moon being very 
near us compared with the Sun, its coming in between the 
Sun and an observer may well be compared with & cloud 
obstructing the vision ofthe Sun. Just as, when a cloud 
obstructs the vision of the Sun for an observer, it could 
not do so with respect to another who is situated at a 
distance, so also, if the Moon effects a solar eclipse for a 
particular place, it could not do so for all places, This is 
said to be due to parallax or Lambana as it is called (Refer 
fig. 64). It is so called because, when there is an eolipse 
of the Sun for an imaginary observer at the centre C of 
the Earth, the Moon intersecting in the line of sight to 
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Fig. 64 


the Sun, for an observer *O' on the surface of the Earth, 
the Moon is not in the line of sight namely OS but hangs 
down that line (gà अनेनेति लम्बनम्‌ = That phenomenon 
by which the Moon hangs down the line of sight), Hence 
it is not sufficient to say that the Sapatasürya has a 
longitude of 7° to conclude the occurence of a solar 
eclipse for ७ place. If the Sapatasurya be less than 7°, 
certainly there will be a solar eclipse for some place on 
the earth but not for all places. So, to decide whether 
there will: be a solar eclipse for a given place, we are 
fo take into account the phenomenon of parallax. At 
every New Moon, the longitudes of the Sun and the 
Moon will be no doubt equal; yet the Moon may not 
obstruct & vision of the Sun, not being situated in the 
ecliptic plane, He may be above the ecliptic plane or 
below if and if he be within 32 from the plane, a part of 
the Moon's globe may hide a part of the Sun's from the 
vision of certain observers who are sifuated about the point 
o' of fig. 64, But suppose an observer is at O. For him. 
there is no eclipse at all as could be seen from the figure, 
As the observer moves away and away from O’ towards O, 
the effect of parallax will be greater and greater in longi- 
tude, whereas, as the observer moves away and away from 
O’ towards O, (where O, is the geocentric pole of the cirele 
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(c) shown in the figure) along the cirole of intersection of 

the Earth with a plane through CO’ perpendicular to the 

plane of the paper, where O, is a point on the earth such 
ws \ 


that SCO =90° the effect of parallax will be greater. and 
greater in latitude. In other words the parallax has both 
an effect in longitude as well as in latitude. When it has 
an effect in longitude only it is called Lambana, whereas, 
when it has an effect in latitude, it is called Nati, (Thus the 
translation of ‘parallax’ as Lambana alone is nof fully 
correct, though at times the parallax may have its com- 
plete effect in longitude only or in latitude only). For the 
observer who moves in the ecliptic plane only as the one 
moving from O/ towards O, the parallax will have its entire 
effect in longitude only and for the observer moving in the 
perpendicular plane from O’ to O, menti®ned before, the 
parallax will have its entire effect in latitude only. For 
observes other than the two above, it will have effect both 
in longitude and latitude also. When parallax effects 
longitude the time of conjunction is preponed or post- 
poned, whereas when it effects latitude, the latitude of the 
Moon appears fo have inoreased or decreased, When it 
increases, no eclipse occurs and when it decreases an 
eclipse does occur. Af (0/, the latitude will be exactly what 
has been computed; at the point of intersection O” of the 
join of the centres of the Sun and Moon with the surface 
of the Harth, parallax nullifies the latitude and on the great 
circle 0/ O” there will be parallax in latitude only effecting 
the magnitute of the latitude. 


It will be seen that for the point O", the Sun and the 
Moon are in the zenith, so that neither will suffer from 
parallax, For the point O the Sun will be on the 
horizon and the Moon being depressed below the horizon 
though he is in geocentric conjunction the parallax in 
longitude or lambana is maximum and the occurence of 
the New Moon had already elapsed 4 nàdis ago. 
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it will be seen that at the points O, and O, where O, is the 
other geocentric pole of the circle (c) drawn there cannot 
be an eclipse, the latitude being incresaed (as per Hindu 
astronomy) by 48’ — 46”, In fact, there will be eclipse 
for the places on either side of O” (the point of intersection 
of the join of the centres of the Sun and Moon with the 
Harth's surface) to such a distance as will increase the 
latitude to 82/ only. For the other places on O’ O” beyond 
these points, the latitude of the Moon exceeds this limit 
and so there will be no eclipse. Further clarification of 
Lambana and Nati will be given later, 


The above analysis underlies our investigation for the 
occurence of a solar eclipse. Sapatastirya might be less 
than 7°, but it does not mean that every place will enjoy 
an eclipse. So, for the place concerned, we have to see 
that, even after taking into account the parallax in 
latitude ie. in Nati, still the latitude will be less than 33’. 
To obtain this parallax in latitude, the method adopted is 
to find if at the point called Vithribha, (nonagesimal) 
ie, the point which is behind the Lagna the rising 
point of the Heliptic by 90°; for, as we shall see in the 
Chapter on Solar eclipses, the parallax in latitude at the 
Vitribha will be equal to the parallax in latitude at any 
point of the ecliptic. In other words, wherever be the Sun 
and Moon on the ecliptic (Moon also being very near the 
node may be taken roughly to lie on the ecliptic) to 
compute the amount by which the latitude is increased, wa 
compute it for the Vitribha, and this will hold good for 
the arbitrary position of the Moon, for, there also the 
latitude will be increased by the same amount. The 
procedure given in verse 4 is to locate the Vitribha from 
the position of the Sun and to find its zenith-distance to 
compute the Nati; or rather, it is to locate the culminating 
‘point and taking it roughly to be Vitribha, to compute 
the influence of Nati on the latitude or Sara. If it were 
only to find the Vitribha, it could be computed from the 
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lagna of the moment of New Moon. Computation of the 
zenith-distanoe of the Vitribha is a little cumbrous, so 
that, for brevity, it is sought to compute the culminating 
point, obtain its declination and thereby its zenith- distance 
which could be taken to be the zenith-distance of the 
Vitribha also, from which the Nati is calculated. 


We are directed to obtain first the Nata or the hour 
angle of the Sun for the moment of New Moon. We know 
on that particular New Moon day how long Amàvàsya 
will last after Sun-rise ie. we know when the actual 
moment of New Moon occurs on that day. Woe also know 
the duration of day time on that day so that subtracting 
the time of occurence of the New Moon after Sun-rise 
from half the duration of day, we obtain the hour angle of 
the Sun (Nata) in nadis. Now the Moon's longitude is 
effected by parallax, the effect being depression of the 
Moon. It is roughly estimated that the hour angle ex- 
pressed in nàdis is increased by 4 of its value on account 
of this. Strictly speaking the effect of parallax is far more 
on the position of the Moon than on the Sun. But the 
Hindu procedure apparently treats the Sun alone for 
parallax. The reason is that ai the moment of geocentric 
conjunction of the Sun and the Moon, when we consider 
the combined effect of parallax on the Moon and the Sun 
ab once, for a given place, we may as well compute the 
relative position of the Sun effected by parallax. Let the 
hour-angle of the Sun in nadis be æ. Then effected hour- 


B 
angle will be æ (1 + t) = B nàdis. But each Rasi being 


taken roughly to rise in 6 nàdis, the hour-angle in Rasis 
wil be 5a/4 + 6 Rasis z/4. Hence we are directed to 
divide the hour-angle of the Sun in nadis to divide by 4. 
This x/4 being substracted from the longitude of the Sun, 
we get the longitude of the culminating point. Then we 
are directed to obtain the declination of the culminating 
point from the formula Hsing = H sin œ x H sin 4 + R, 
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This declination of the culminating point being known, 
and the latitude being known, its meridian zenith-distance 
could be got. Take that to be roughly the zenith-distance 
of the Vitribha. Then an approximate estimate of the 
effect in latitude is obtained as follows. Let the zenith- 
distance of the Vitribha be x. Then if we have for 
H sin z = R, the maximum effect of 48’ — 46" in the 
latitude, what shall we have for H sin 45°? The result is 
H sin 45 x 48/ — 46" 9431 — , 

3438 3438 ^ 48! — 46" = 34 — 30°, 
Then again another approximate estimate is made as 
follows. Let the Sapatasürya (Sapatasurya = longitude 
of the Sun or what is the same of the Moon with respect 
to the Node) be 4. Then for 4 = 15°, we have a latitude 
of 70’. That being so, for a variation of 34’ — 80” in the 
latitude, what will be the corresponding variation in the 
longitude 4 ? 


The result is = si X नर = a = 7° x which is 
roughly one-sixth of 45°. Hence if the zenith-distance of 
the culminating point taken to be the Vitribha be 45" 
the variation in the Sapata sürya (= Sapata chandra) 
will be one-sixth thereof. Hence we are asked to increase 
or decrease as the may be, the Sapatasürya by 1/6th. 
If the resulting Sapatasürya be less than 7°. there may be 
an eclipse. When the lunar orbit lies north of the ecliptic, 
the culminating point of ecliptic being south of the zenith, 
the latitude of the Moon is decreased by parallax, so that, 
we have to decrease the Sapatastrya; whereas when the 
lunar orbit is then south of the ecliptic, the effect of 
parallax is to increase the latitude and consequently, we 
have to increase the Sapatasürya. Or again when the 
culminating point of the ecliptic is north of the zenith and 
the lunar orbit is north of the ecliptic, parallax appears 
to increase so that we have to increase the Sapdtastirya; 

when. at that moment the lunar orbit is south of 
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the ecliptic, parallax appears to decrease the latitude so 
that we have to decrease the Sapatasürya. 


The proportion that 70' of latitude correspond to 18° 


of Sapáta-chandra is due to the formula à 
H sin 15° X H sin 4 
asa XH sing = Hsin f. Using logarithms, 


log sin B = 9'4180 + 8'8946 = 8'3076 so that 

B = 1° — 10 = 70. This proportion could be used 
because the Moon is within 15° of the Node. Hence when 
we are investigating the occurence of a solar eclipse, 
application of rule of three is not unjustified or crude. 


Herein, Bhāskara assumed the zenith-distance of 
the nonagesimal to be round about 45° and drew a 
conclusion that the effect in the longitude on account of 
parallax in latitude is one-sixth of the zenith-distance, 
Instead if the zenith-distance be assumed to be z, the 

48! — 49" Xsinz x15 91 . 
result would be ssc at p BUS == sin z which 
may be taken as a better approximation. If,on the other 
hand the modern value of 57’ of the lunar parallax be 


taken, the result would be er sin z x 18 = 12 sin z 
approximately which is a better value, 


In this calculation, it is better to compute the zenith- 
distance of the nonagesinal using modern methods instead 
of assuming the nonagesimal to be on the meridian. 
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LUNAR ECLIPSES 


Verse 1. The ritualistic purpose served at the time 
of an eclipse. 


Scholars of Smrtis and puragas declare that prayer, 
charity or offerings to gods made in fire at the moment of 
an eclipse conduce to much spirituality. Hence I give 
hereunder the methods of computing the moment of an 
eclipse (lunar or solar) in as much as such a knowledge 
apart from its religious importance, is also wrought with a 
beautiful mathematical treatment. 


Verse 2. The initial procedure to be adopted to 
compute an eclipse. 


To know the occurence of a solar eclipse, find the 
exact moment of the New Moon, which is indicated by the 
equality of longitudes of the Sun and the Moon, and to 
know the occurence of a lunar eclipse compute the exact 
moment of the full Moon which is indicated by the fact 
that M = 8 + 180° where M and § are the longitudes of 
the Moon and the Sun, agreeing in degrees, minutes and 
seconds, though differing in Rasis by six. Also compute 
the longitude’ of the Node (Rahu) for the moment as 
directed. 


Comm. Having ascertained the possibility for the 
occurence of a solar eclipse, we are directed to compute 
the positions of the Sun, the Moon and Rahu for the day 
of the New Moon. The Sun and the Moon are to be 
rectified for corrections like Desadntara, Bhujantara, 
Udayantara etc. From the elongation of the Moon the 
tithi is to be computed and the method of successive 
approximations called Chalana Karma is to be used to 
obtain the exact moment of conjunction. This process of 
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Chàlana is as follows. At first knowing the elongation of 
the Moon at Sunrise, by rule of three, using the then daily 
motions of the Sun and Moon, the moment of the 
conjunction is to be computed. Again the positions of 
the Sun and Moon are to be computed for that moment 
and also their daily motions are to be reotified for the 
moment, With these rectified daily motions and with. the 
then positions of the Sun and the Moon, again the 
moment of conjunction is to be computed. Repeating tho 
process till an invariable answer is reached, we have the 
exact moment of conjunction. For that moment, the 
position of the Rabu is also to be calculated, Similar 
is the procedure for a lunar eclipse also, It is to be 
noted that the correction called Natakarma, which we 
formerly identified to be the correction for ‘ Astronomical 
Refraction’ is also prescribed here as partioularly 
mentioned by Bhaskara, in the commentary, (Vide verses 
68, 69 Spastadhikara ). 


Verse 3. The magnitndes of the orbits and the 
orbital radii of the Sun and Moon. 


The distances of the centres of the globes of the Sun 
and the Moon from the centre of the Earth in yojanas are 
respectively 689377 and 51566. 


Comm. We saw in the Kakshadhyàya of the first 
chapter as to how these distances were estimated. Some 
scholars pronounced these distances are parameters; but 
as per the modern estimate of the Harth’s radius as 
compared with that of Bhaskara, (The method indicated 
by him in the Bhuparidhimanadhyaya of chapter I, is 
quite mathematical) a yojana equals five modern miles 
and with this correspondence, the distance of the Moon 
is very near the truth, So to say that the distances 
given above are mere parameters is wrong; also if one 
of the parameters gives a correct value of the quan- 


tity in question, the other also should; but because 
the latter does not, to call them parameters is merely 
meaningless. 


It is interssting to note that in the commentary under 
this verse, Bhaskara says '' If for a circumference of 3927, 
the diameter will be 1950, ..." This means that Bhaskara 


takes A = A = 3'1416 which compares very well with 


the modern value 314159. The value of 7* adopted 
by Bhaskara in this, seems to have been taken from Lalla- 
charya’s Sisyadhivrddhida, Chandragrabanadhikara verse 
no. 3. 


| शरयमाङ्गहता 625 vnu 
ग्रहवृतिश्रवण: pagead” 


Verse 4, Computation of whatis called the ' Kala- 
karna ’. 


The radius vector is to be computed even in the case 
of the Equation of centre as we did in the case of S'ighra- 
a 


phala, Ifit be 'K', see will be what is Kalàkarna 
both in: the case of the Sun, as well as the Moon. 


Comm, While obtaining the Equation of centre, the 


Y sin m i ; 
formula used was R whereas, strictly speaking, it 
should have been as in the case of the S'ighraphala, after 


effecting the so called ‘Karnanupata’ ^ sinm, While 


frying to answer why this Karnanupata was not done there 
also, Brahmagupta gave such an answer as made Bhaskara 
exclaim ‘ यतो विचित्रा फळवासना$त्र ' ie. ‘It is really curious 
in this respect, Bhaskara was really a most rational 
type of astronomer, and one will not fail to appreciate his 
sense of rationality when he. declares that (1) “ aftqa 

णितस्कन्धे उपपत्तिमानेच आगमः प्रमाणम्‌”; and when he was 


349 
unable to adduce a proof he declares (2) ' उपलब्धिरेव 
araar’ meaning thereby (1) ‘In this branch of science, we 
reckon only such an authority which has a proof behind 
it ie. which could be substantiated’ and (2) ‘There is no 


proof in this but accordance with observations alone 
has to be taken as a proof’. 


Though in the case of formulating the equation of 
centre Karnanupata was not stipulated to simplify matters, 
88 there was not much difference, the Equation of centre 
being generally small. It is to answer such contexts as 
this that Bhaskara said in the Goladhyaya 


ie. “If we in some particular 

context do not mention certain things it should not be 
condemned because in such contexts, (1) there is not 
much difference or (2) no useful purpose is served to 
a good extent or (3) it is too clear as does not require 
to be mentioned (4) the procedure implies a lot of 
cumbrous calculations and the result is after all negli- 
gible and (5) Mention will make the work on hand 
too unwieldy and brevity which is the soul of wit is 
to be sacrificed. In the present context this procedure 
of ‘rectification of the Karna’ is sought to improve 
matters. Bhaskara’s words ' पदा ग्रहस्य कणे gaa: तदा कर्णो 
t:’ seem really to imply that in the formula 


pH sin m for the equation of centre in the place of R, 


we are called upon to substitute really K. Though we had 
been in default for not doing so in the context of the 
Equation of centre, there is no reason why we should not 
make up the deficiency in this context. Bo, therefore, 
this rectification of Karna is stipulated here. 
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The procedure originally called for a rectification is 
that taking K to be R, we have to compute r and again 
taking the resulting K to be R, we have to compute 7 and 


80 on repeating the process till an invariable value for K is 
obtained, This means that we should go on substituting 


for r, r Instead of following this laborious process 


of ‘Asakrt-Karma’ ie, method of successive approxi- 
mations, Bhaskara gives an alternative in the verse, whieh 
is as follows. 


Let K be the value of the Karna, for a value v of r, 
Since we are directed to make this K as R, ie, we have to 
add R—K to K thus making it R, we add also R—K to R, 
to keep the relative position of Rand K to be almost the 


same. In other words considering the fraction = adding 


R~K to both the numerator and denominator we have 


9 zx whieh means that for a radius 2 R —K, the Karna 

will be R; that being so for a Radius R what will be the 
g 

Karna ? The result is 7 EE as given, 


It will be noted that the above interpolative procedure 
is adopted as a short cut technique to the otherwise 
laborious process, The mathematical correctness of this 
procedure will be seen from the following analysis, 


The problem is to change the Mandaparidhi to a 
radius K of the deferent by the formula (as indicated ‘by 


Bhaskara in the course of the commentary) 7/ = P 
so that òr = 7? — 7 = u d आड HEE (1) Now we 


have K’ = R' +7° +2 Rr oos m construing Rand m as 
constants we have to find 8 K for 897 


351 


Differentiating BK 8 K = 2r 8r + 2Roosm Sr 
ie, BK = Or (r + R cos m) 


E . But from fig. 65 
(which is a portion of the epicyclic figure) 
I 
^ 
1 Cu M, — 180—m 
Ps 
i O, = Q = Mandaphala 
R 
9, ^ 
M, = m— 
Fig. 65 


r—K cos m—() —R cos m so that r-- cos m=K as (m —Q). 
Substituting in the above, 


$4 e or X E eme soran d 
But 67 from (1) is rE 


OK = CHER) cos m—Q. But from the tri- 


angle of fig, 65. K = Roos Q +r cos m—ĝ so that 
r oos m—O = K—R cos Q. But being small cos Q may 
be taken to be unity so that r cos m-9 = K—R. Again 
substituting in the above 


ठे = LR :(2) Now as per -the formulation of 
Bhaskara 
R= E _ RH . B ,  R 
2R—K R+R-K 1+R—K  1—(K-R) 
R R 
o K--RV'! 
= (नडः) 


E < 1, expanding binomially, 


952 


K DA PS 8 
fei p(1 + य त्य pde ORI 


Lp 
d 3E € A RIK = © K = ER) as found 


&bove. 


Note, Bhaskara, having formulated this, appeals to 
‘ Dhulikarma' ie, arithmetical computation, for convin- 
cing those who may not be able to follow his logic. Here 
one may note also the wrong directive given by the 
Samgodhaka in the text. The proof furnished by us above 
gives a mathematical veracity to Bhaskara’s formulation. 


Verse 5. To rectify the Yojanakarna or the spatial 
radius Vector. 


The above Kalakarna multiplied by the Karna given 
in ४618188 and divided by the Radius gives the rectified 
Yojanakarna. 


Comm. In the formula given above OK = (EZR) 


which is in units of spatial minutes (on the scale of R— 3438). 


where K’ is the rectified Kala-karna, and y the 


Yojanakarna given in verse 3, gives the rectified Yojana- 
karna. 


Second half of verse b. The spherical radii of the 
Sun and the Moon. 


The spherical diameters of the Sun and the Moon are 
respectively 6522 and 480 Yojanas. 


Comm. The word-' Bimba' is used to connote the 
spherical diameter. The diameter of Moon as given will 
be equal to 480 x 5=2400 miles in modern terms which 
is not far from truth, Once we accept that the method 
indicated by us in the Kakshadhyaya of chapter I was that 
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followed by the ancient Hindu Astronomers to estimate 
the distance of the Moon, the spherical radins the hori- 
zontal parallax, the orbital radius pertaining to the Moon 
could all be deduced and the magnitudes so deduced accord 
with their average values in modern astronomy. * The 
magnitudes pertaining to the Sun however, should be 
deemed as parameters. 


— (STE) Kw 

Ks 
diameter, s = The Sun’s diameter; Km =, Moon’s dis- 
tance from the Harth’s centro; Ks = The Sun’s distance 
from the Earth's centre, and a = radius of the Harth’s 
shadow cone at the lunar orbit. 


Verse 6. e = 2a where e = Earth's 


Comm. In fig. 66, le& CD be the radius of the Earth's 
shadow cone at the lunar orbit. Required to find the 
magnitude of CD. Triangles DEF and ESG are similar 


Fig. 66 
c 
o «x 
£. P 
| Fig. 67 . 
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Fig, 08 


Fig. 70 


where DF and EG are draw 
001. n parallel to VBA, the 


EF SG , je—a 8 — 
DE ES ® Km -Ezk 


855 
where ¢ = FB = CD required 
— T Em ( 1 I int 9 
a= je Rs (४ ¬} as formulated 2a 


being what is called Rahu-Bimba or diameter of the 
Harth’s shadow cone at the lunar orbit which is called 
Ku-bha Vistrti in the verse (Ku = Earth ; Bha=Shadow; 
Vistrti = diameter). 


Note (1) We shall prove that this formula accords 
with the modern formula given for the radius of the 
shadow cone. Divide I throughout by 2 Km, so that 


a 8—6) 
Km = 6/2Km ~ 9 Ks u 


^M ^ 
But from fig. 67, a/Km = sin E = E = angular 
radius of the shadows cone expressed in radius. From fig. 68, 


^M 

TE = Horizontal parallax of the Moon ; iE; = gin E 
^ 

= B = angular radius of the Sun expressed in radians 
from fig. 69; and e/2Ks = (from fig. 70) Horizontal 
parallax of the Sun. Thus Equation II means P = P — 
o + P! III where P = angular radius of the shadow cone, 
P = Horizontal parallax of the Moon; P! = that of the 
Sun and € = angular radius of the Sun. 


Note (2) If we don’t divide I by 2 Km, we have the 
radius of the shadow-cone in Yojanas, substituting the 
values of e and s, Km and Ks. 


Note (8) It is worth hearing Bhaskara in his 
commentary under this verse. Observe the Suns diso 
while rising on the day when his true motion is equal to 
his mean, with a compass composed of two rods hinged at 
one end and carrying a protractor at the other. We get 
the mean diameter of the Sun equal to 32' — 81” ~ 33”, 
Similarly, observe the Moon's disc on a full-moon-day 
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when his true motion equals the mean, It will ba 32’ = 
Q” ~ gir | 


Note (4) Substituting the values of P, P' and o in 
III p = 52-42! + 8-57" — 16/-16" = 40-23” = Angular 
radius of the shadow-cone at the lunar orbit which almost 
accords with the modern value 41/-49", 


Note (5) One may wonder as to how, taking wrong 
values for s and Ks, such a correct value could be obtained 
for P, In equation II, a, Km, e are all near the truth so 
that the terms effected are s/K and e/Ks; but both s and 
Ks being parameters s/Ks comes off alright, which is the 
angular radius of the Sun’s disc which could be measured 
The only vitiating term is e/Ks which is the horizontal 
parallax of the Sun which was overestimated unwittingly 
by a wrong supposition as indicated in the Kakshadhyaya, 
However e/Ks comes to be 3/-57" and this overestimate is 
mitigated to some extent that the Earth has an atmos- 
phere which boosts ths angular radius of the shadow cone 
by about 1' and the remainder of the overestimate makes 
amends for the smaller value of P taken. 


Verse 7. To convert spatial measures into angular 
measure. The diameters of the Sun, the Moon, and Rahu 
in Yojanas multiplied by R = 3438’, and divided 
respectively by Ks, Km and Km give their angular measures. 


AN 
Comm. From fig. 69 / = gin E = E expressed 


_ E : , _ 3438 X s 1. t 
in radians sj8g `` E’ = aE, which means tha 


the angular radius of the Sun is got by multiplying s/2 
ie. the spherical radius of the Sun by R = $438 and divid- 
ing by Ks as mentioned, Similar is the case with respect 
to the other two. 


Note. The word Kalàkaraga is used to signify ‘To 
convert into angular measure. — 
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Verse 8. An alternative method of obtaining the 
angular radii. 


The daily motion of the Sun increased by one-tenth 
of its value and halved, gives the angular diameter*of the 
Sun, The Moon’s daily motion multiplied by 3 and 
divided by 71, gives the angular diameter of the Moon. 
Or the daily motion of the Moon being decreased by 715 
and divided by 25 and the result being added to 29 gives 
the angular diameter of the Moon. 


Comm. This method gives in an easy way the true 
angular radii. The formulae given ares’ = is, (14-35) ; 
and m = a = mc +29. This may be eluoi- 
dated as follows. The argument used is “If the spherical 
diameter of 6522 Yojanas corresponds to a spatial daily 
motion of 118582 Yojanas, what angular diameter corres- 
ponds to the angular daily motion s,?”. The proportion- 
ality is clear and the result is 
sı X 6522 _ 26088 
-118584 41485' 
fraction, it is 


26088 


C ; 
onverting 47435 ' 


into a continued 


CERIS TENE JPN REC 1110081 7" 
[1E 4x 1L IGG he penultimate convergent is 


11/20 = 4 (1+,5). The formula follows. 
Similar calculation gives m’, 


Note. The advantage of these formulae is that they 
are not only easy but also adopting the true daily motion 
we have the true angular radii. This procedure was 
adopted by Bhaskara from Brahmagupta. The latter, how- 
ever, prescribes a nearer convergent namely 10/247 but 


actually at is the nearest convergent. 


The next formula namely m’ =a + 29 is 


approximate. This may be elucidated as follows. Let the 
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daily motion be 715 ; then as per the previous formula the 
2145 Lp oo 

74 28 74 =29 
very approximately. The mean daily motion is 790 whioh 
corresponds to 32’ of angular diameter. Taking advant- 
age of this arithmetical correlation namely that the excess 
of 3/ over 29’ corresponds to 75’ of daily motion. Bhaskara 


angular diameter should be — X 715 


gives the formula m’ = +99, This formula 


correctly holds good when m, = 740, for, equating 

a G2 US dO ee dm will be equal to 740, 
For other values between 716 and above it holds very 
approximately. Thus, when m, = 715, m' = 28 78 ie, 29 
when m, = 740, m' = 30, when m, = 765, m = 814 
(error 7s) when m, = 790, m' = 32 3) (error x) and so on. 


Verse 9. An alternative method of finding the 
angular diameter of the shadow cone. 


a P = 2/15 m, — 5/12 s, where m, and s, are the daily 
motions of the Moon and the Sun respeotively. 


Comm. In the previous verse, we had formulae to 
compute the diameters of the discs of the Sun and Moon, 
knowing their daily motions. Since in practice we have 
these daily motions computed for every day, so the compu- 
tation based upon those daily motions conduces to ease in 
thé matter of caloulation. Nowin this verse, the radius 
of the shadow cone is also calculated in terms of the daily 
motions of the Sun and the Moon, which is more an 
ingenious device adopted in practice. The elucidation of the 
formula depends on the following technique as conceived 
by the Hindu astronomers. In as much as the Sun’s 
sphere is far bigger than that of the Harth, the shadow of 
the Harth assumes the form ofacone. Froma knowledge 
of the decrease in the diameter, as we proceed from the 
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Sun to the Earth and a knowledge of the Sun's distance, 
we can compute similar decrease as we proceed from the 
Earth to the lunar orbit knowing the distance of the 
Moon. Such a decrease measured in Yojanas is termed by 
Bhaskara as ' अपचययोजनानि ie. Yojanas of decrease in 
diameter. It was this concept that led to the formulation 


(s—e) Km 
Ks 


of Ra in Yojanas in the form 2a = e — of verse 


6 and is indeed based upon the similarity of triangles as 
proved by us in that context. Dividing the above equation 
by 2 Km, we have 
= (s—e 
[Km aK i I 

Dividing a, e and (s—e) thus by the distances Km and Ks is 
termed ‘Kala-Karana’ ie, converting spatial distance 
into angular measure, Thus dividing a by Km is con- 
verting the radius of the shadow cone into angular measure 
at the lunar orbit; dividing je by Km is estimating the 
angular measure of the earth’s radius as seen from the 
Moon’s distance or what is the same the horizontal parallax 
of the Moon, whereas dividing $s by Ks is getting the 
angular radius of the Sun’s diso as seen from the Earth 
and dividing ie by Ks is getting the angular radius of the 
Earth's disc as seen from the Sun or what is the same the 
horizontal parallax of the Sun. 


Equation I which gives a/Km the angular radius of 


the shadow cone, may also be,interpreted as follows. 

; m 

-: Horizontal parallax of the Moon as mentioned above 
| ^ 

which is equal to the angle (fig. 66) ECB, for, 3e = HB; 


Km = EO so that e/2K» = EB/EC = sin ECB = ECB 
expressed in radian measure. Also ota 


at = SABA L So = sin SEG = SEG = EYB 
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(alternate angle) = Semivertical angle of tho shadow cone 
AN ^S AN 

(say 0), Now ECB — EVB = CED = angular measure 

of CD ie. the angular radius of the shadow cone (expressed 

in radian measure). 


Converting $¢/Km into angular measure, the propor- 
tion used by Bhaskara is “If by the daily spatial motion 
of 1185898 Yojanas of the Moon, we have tts daily motion 
in arc, what shall we have for e = 1581 Yojanas ? The 
result is 1581/11859 m,. Converting the coefficient into 

" : 1 1 1 4d T 
a continued fraction we have a ir 175 77 he 
penultimate convergent is fs. Hence e/Km = fg 


Converting + (^77) into arc, the proportion used is 
$ 


“Tt by the daily spatial motion of 118592 Yojanas, we have 

the daily motion of s, what shall we have for s—e = 

6522—1881 = 4941 Yojanas?" The result is 118593 © 

Converting the coefficient into a continued fraction, we 
1 1 ; 

have x x jj 146: The penultimate convergent is उक. 


Hence, the result is $r s, 


| Note (1) It might be asked whether the Hindu 
astronomers used the theory of continued fractions. The 
answer is, they did though they did not write the con- 
tinued form in the form we do now. They arranged the 
successive quotients in a vertical line and called the 
column asa ‘Valli’ or ‘creeper’, One may refer to the 


chapter in Bhaskara’s Bijagamita on ‘ Kuttaka’ in this 
context. 


Note (2) The formula derived above to obtain tne 
Rahu-Bimba or diameter of the shadow-cone at the lunar 
orbit, is one which could be convéniently used in practice, 
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for, a8 mentioned before, the daily motions of the Moon 
and the Sun are ready computed for every day. Also the 
advantage in using this formula is that besides the fact 
that we need to deal only with small quantities instead of 
the big numbers of Yojanas, the true value for the day of 
eclipse is got by using the true daily motions. Using the 
mean daily motions, however, we have for the mean 
diameter, जह m, — vs 3, = Fs X 790-35” — 5% x 59-8” 
= 105% — 252 = 81 very approximately. 

Note (3) In obtaining a convergent for =, since 

8 

the values of s and Ks are parameters s/Ks is got alright, 
where c is more exaggerated as the value of the hori- 
zontal solar parallax. By this term the result is increased 
to an extent of 3/ out of which 1’ is mitigated by the fact 
that we have to take the earth’s atmosphere also into 
consideration, for, that will increase the radius of the 
shadow to gth of its value. 


Note (4) The last line of verse (9) is “The earth’s 
shadow eclipses the Moon, and the Moon eclipses the 
Sun". This statement is deliberately made by Bhaskara 
to remove the misconception in the minds of lay. men who 
wrongly believe the usage of the words राइग्रस्त and 
केतुग्रस्त used in the calendars even today and the 
mythological puranic story associated with Rahu and Kétu 
depicting that a serpent devours the Sun and the Moon. 
In fact the shadow of the earth which eclipses the Moon 
and the shadow of the Moon which hovers on the earth 
at the time of a solar eclipse do resemble the tail of a 
serpent. 

Verse 10, To obtain the latitude of the Moon. 


Viksepa or Sara as it is also called ie. the latitude B 
of the Moon is obtained by the formula 


= Heinina and it will have the same direction 88 


AR 
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the Moon with respect to the ecliptic where 4 is the longi- 
tude of the Moon with respect to the nearer node and 
210’ or 41? is taken to be the inclination of the lunar 
orbit^to the ecliptic or what is the same, the maximum 
latitude of the Moon. 


Comm. The formula is evident and similar to that 
for calculating the declination of the Sun, Thus 


H sin B Heini x H r But since p is small 


R 
i 270 
and also 44°, we can take B = EEE 
The argument used by Bhaskara, however, is ' If by 
a H sin 4 equal to R, we have the maximum latitude of 
270’, what shall we have for Hsin?’ The result is as 
given. 


Note. The modern value for १ the inclination of the 
lunar orbit to the ecliptic is given to vary between 4°-68/ 


Verse 11. The definition of the magnitude of a lunar 
eclipse. 


Sthagita or the magnitude of an eclipse is defined 
as P+-r-+ where Pandr are respectively the radii of 
the eclipsing and eclipsed bodies and p is the latitude of 
the Moon. If the Sthagita is greater than 2r, then the 
eclipse is total. 


883 ` 


Comm. In figure 71, the ‘eclipsing body is just con- 
tacting the eclipsed body. Taking the case of a lunar 
eclipse, the latitude then of the Moon is evidently P+r 
ie. B=P-+r holds good at the moment of first con- 
fact. (C) is the cross-section of the shadow-cone at the 
lunar orbit aud (M) is the Moon 
(fig. 72), CB+AM—CM=CB-++-AB+ 
BM—CM=AB-+(CB+BM)—-CM= 
AB+CM—CM=AB 
yi P+r—§=AB=Sthagita, Thus 
Sthagita gives the portion of the 
diameter of the eclipsed body which 
is shadowed. The eclipsed body is 
termed the Chadya, the eclipsing 
body as the Chadaka and P--r as 
the Manaikya-ardha ie. half the 
72 sum ofthe diameters of the eclipsing 

and eclipsed bodies. 


When the Sthagita exceeds the diameter of the 
eclipsed body the eclipse is evidently total ie., when 


Verse 12. Duration of the eclipse and duration of 
its totality. 


Sthiti- Khanda Duration of 
the eclipse 


Marda-Khanda = v(r—r)*— 8? x 60 = $ Duration of 

m,—3$, fotality 
where P is the radius of the shadow-cone, * the radius of 
the Moon's disc, ĝ its latitude taken to be constant during 
the eclipse, m, and s, the daily motions of the Moon and 
Sun respectively 


Comm. (1) The time between the moment of first 
contact and the middle of the eclipse or the moment of 
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Opposition or conjunction as the case may be is called 
Spars a-Sthiti-Khanda. 


(2) The time between the middle of the eclipse and 
the moment of last contact is called the Moksa-Sthiti- 
Khanda. 


(3) The time between the commencement of total 
eclipse and the middle of the eclipse is called the Sammi- 
lana- Marda-Khanda. 


(4) The time between the middle of the eclipse and 
the end of total eclipse is called Unmzlana- Marda-Khanda. 


The suffix Khanda meaning ‘half’ is generally omit- 
ted while refering to these phases. In the above verse 
we are given formulae for: Sthiti-Khanda and Marda- 
Khanda only without specifying whether they pertain to 
Sparsa or Moksa, Though the same formulae serve 
for both the Sparsa phase as well as the Moksa phase 
under the supposition that 8 does not vary, it will be 
noted that the Sparsa-Stbiti-Khanda will not be equal to 
Moksha-Sthiti-Khanda and that the  Sparsa-Manda- 
Khanda will not be equal to the Moksha-Marda Khanda 
in as much as § changes from moment to moment. . 


In fig. 73, let C, be the position of the eclipsing body 
at the moment of first contact and C, its position at the 
moment of last contact. In tha figure is shown only one 
position of the Moon’s dise signifying that we may con- 
sider the motion.of the eclipsing body keeping the eclipsed 
body fixed (or what is the. same relative to the position of 
the eclipsed body). It is evident from the fig. that C,M = 
C,M = P+r so that C,M C, is an Isosceles triangle. Let 
MN be the Lar dropped from M on C, ७. . C, C, is the 
ecliptic because the centre of the shadow will be moving 
along the ecliptic, for, in fig. 66, SE the ecliptic passes 
through D the centre of the cross-section of the shadow- 
cone, as well as through the vertex V of the shadow-cone. 
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Fig. 73 


MN is therefore the latitude of the Moon. Since the lati- 
tude is nof the same at the moment of first contact and 
that of the last contact, the figure drawn does not 
represent the true figure but only a figure drawn on the 
supposition that 8 remains the same and O, Moves relative 
to M. From the figure C:N? = (Pr) — ऐस 


. The Sthiti-Khanda defined in this verse is the time 
faken by C: to reach the position N ie. the position at 
the moment of opposition, and again from the position N 
to the position Cg. The velocity of C, relative to M is 
no other than the excess of the velocity of, the Moon over 
that of the Sun. (The velocity of the Earth is the relative 
velocity of the Sun with respectito the Earth and this is 
equal to the velocity of the shadow moving along the 
ecliptic). So, the time taken by C, to reach the position 
60 x JE Fr 
my —. 

Similarly the time taken by the centre of the shadow from 
N to C, ie. from- the point of opposition to the moment 


of N relative to the Moon is equal to 
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of last contact has also the same formula where in each 
case Bis the latitude at the moment of opposition. The 
path taken by the centre of the shadow is called © ग्राहकमागे' 
ie. the path of the eclipsing body. The actual case when 


both,C and M are both moving and when £ is considered 
as a non-changing quantity is shown in fig. 74. In this 


case, three positions are shown, (1) that at the first con- 
tact (2) that at opposition and (3) that at last contact, 
where C,, Mi, Cg, M, and Cs, M, give the positions of the 
centre of the shadow and that of the Moon’s diso respe- 
otively, both the centres being shown as moving. Since 
the Moon moves faster than C and as such overtakes C, 
the path of M from M: M, which synchronizes with the 
path of C from C, to Os, is shown to be longer. But, one 
may wonder, how C, N, and C, N, represent the Sparga- 
Sthiti-Kbanda and Moksa-Sthiti-Khanda respectively. 
The distance overtaken by M with respect to C from the 
point of first contact to the point ef opposition is M, M, — 
0.0,=C.N:. Hence we compute C, N, by the formula 
©, N? = (P+r)?— 8. Similarly from the point of 
opposition to the point of last contact M overtakes C by 
the distance M; M, — C, C, = C, N, = 


Fig. 75 shows the situation when 8 changes as is the 
Webtuality. When the opposition takes -place after the 
Moon crosses the node, then 8, > 3 > Bı, whereas if 


the opposition precedes the Moon’s position ab the node 
Bs < Ba < B. Also, when B changes, M, M, does not 
exceed CO, C, exactly by Ci Ni. So, on both the counts, 
the formulae, given in verse 12 are approximate. What 
is done in practice is that 6 is computed for the moment 
of opposition and estimating the Sparsa-Sthiti-Khanda by 
the formula given above, and subtracting it from the time 
of opposition the moment of first contact is got. Then ĝis 
computed for that time and again the formula is applied 
to get the Sparsa-Sthiti-Khanda. Repeating the process, 
we rectify the Spars'a-Sthiti-Khanda. Even then, we do 
not have the actual value of the Sparsa-Sthiti- Khanda, 
because M, M, does not exceed C; C, exactly by C: Ns, 


A more correct procedure would be to compute the 
time between the moment of first contact and the moment 
of opposition and by that time, to compute the.length of 


M; M, and take -in the place of m/ and use the 
9 


formula of verse 12. » This nicety, however, need not be 
attended to with respect to the duration of totality, for, 
it does not make much difference. E 


Another way of obtaining a better value for T, the 
Sparsa-Sthiti-Khanda is to take average values for B; and 
Ba, m, and ms, s, and s, where m, and m, are the values of 
the Moon's daily motion and s and s, are those of 
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Sun's at the point of first contact and the moment of con- 
junction respectively. 


We may also use calculus to obtain OT, the variation 
in time for a variation of op in B and a variation of 
Bm: in mı ignoring the small variation in sı, as follows. 


T? = Pe 


Mi 84 
oT eT -— (mi— 81) X —28 o6—P+r°— 8? em. 
(m, — s,)? 
pn = 0888 _ òm PFPP) 
T(m,—&) |. T(m,—sy 


The first term on the Right hand side gives the variation 
for op and the second for Sm,. 


Fig. 76 shows the case of totality. 


Fig. 76 


M,M,=N,0,+0C,0, .. The Moon has to over- 
take C from the moment of the beginning of totality to 
the moment of opposition by the distance C, Ni with a 
relative velocity of m,—s,. Hence the time of Sammilana- 
Marda- Khanda is equal to 

JO,M—g^x60 | V(R—r)—8 6x0 
Thi” 81 7/51 — 81 
as given, taking 8 to be constant. Similarly the Un- 
milana-Marda-Khanda from the position (M, Cj) to the 
position (M, Cs) will also be the same, taking 8 to be 
constant. 


~ 
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Rectification of this time, when f$ is considered as 
varying will proceed on the same lines as before. 


Verse 13. Rectification of the times of Sparsa-Bthiti- 
Khanda and Moksha-Sthiti-Khanda, 


From the position of the Moon and that of the Node 
obtained for the moment of opposition, have to be com- 
puted their positions for the moment of first contact and 
TX v 

60 
is to be subtracted and added respectively to the positions 
at the moment of opposition of the Moon and Node, where 
T is the time of the Sparga-Sthiti-Khanda, and v the daily 
motion (of the Moon or the Node as the case may be). 
From these positions 8 has to be computed for the moment. 
of first contact and that of last contact, and from this f 
the time of Sparsa-Sthiti-Khanda and Moksha-Sthiti- 
Khanda have to be rectified by the method of successive 
approximation, 


those for the moment of last contact, For this, 


Comm. From fig. 75, C, N, and C, Ns are the dist- 
ances gained by the Moon over the centre of the shadow 
so that to get their correct values 6, and £, are to be used 
and not; Hence f, and 8, are to be computed using T 
the time of Sparsa-Sthiti-Khanda and that of the Moksha- 
SthitiKhanda which are taken to be equal in the firat 
instance. Since T is the time taken as a first approxi- 
mation, £,, 8, are also approximate in the first instance. 
From these 8,, 8, T is to be rectified and in this reotifi- 
cation, we have T, and T, differing, as the times of Sparsa- 
Sthiti-Khanda and Moksha.Sthiti Khanda. From these 
rectified times again 8,, 8, are further to be rectified and 
from them again T,, T, are to be further rectified. This 
procedure is to be continued till constant values are 
obtained for T, and T,. 

47 
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Note. प, will be lesa than or greater than T. &ocord-. 
ing as fs Z b, 


Verse 14. Reotification of the Sammilana-Mards- 
Khanda and Unmilana-Marda- Khanda. 


Proceeding on the same lines as above and obtaining 
$, and 8, the rectified latitudes of the Moon for the 
moments of the commencement and end of totality of the 
eclipse, the Sammilana-Marda-Khanda and Unmilana- 
Marda-Khanda, T, and T, are to be rectified, 


Note. We have the formula sin P = sin Asin? 80 
that by differentiating. we have cos 856 = cos 484 X sin 4 
_ Bin oos 4 Aa 
of cos 8 


2 + 


This formula gives in one stroke the rectified latitudes 
of the Moon at the respective moments from which the 
respective rectified times could be got. 


Verse 15 and the first half of verse 16. The definition 
of Bhuja and the method of finding it at an intermediate 
point of time. 


The word ‘Ista’ is used to connote ‘At any given 
time’, The word 'Sparsika-Ista' means ‘At a given 
time after the moment of first contact’; similarly the 
word 'Mauksika Ista’ means ‘At a given time before 
the moment of last contact’, (T—42) (m:—s.) where 
(m: —5:) is in degrees (m, and s, of course being expressed 
in minutes); T stands for the Sthiti-Khanda (Sparsika 
or Mauksika) and # stands for the Ista (Sparsika or 
Mauksiks) gives the Bhuja. Similarly with respect to 
obtaining the Marda-Bhuja. (The former is called Sthiti- 
Bhuja) 


Comm. In fig. 77, let O and M be the centres of the 
abu (cross-section of the shadow-cone at the lunar orbit) 
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Fig. 77 


and the Moon respectively; let MN be the perpendicular 
from M on the Grahaka-marga or the path of the eclipsing 
body (ie. the ecliptic), Then CN is called the Bhuja at 
the time. 


At the moment of first contact, the value of CN is 
js where £ is the latitude of the Moon at that 
moment, At any subsequent moment, from fig. 77, CN 
is equal to /(P+r—AB)*—,? where £ is the latitude at 
the subsequent moment and AB the portion of the radius 
of the eclipsed body shaded. Hence we could obtain the 
Bhuja at any subsequent moment, by computing the 
latitude at that moment and the value of AB. But AB 
sould be computed only by knowledge of CN and 6. Hence 
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the necessity for knowing the value of CN at any subse- 
quent moment arises. 8, of coarse, could be computed, 
knowing the hourly variation of £, which in its turn could 
be known, by a knowledge of the hourly variation in 4, the 
longitude of the Sapatachandra. 


The magnitude of CN is calculated by the rule of 
three ‘“‘ If by the Sparsa-Sthiti-Khanda we have initially 
the initial value of CN, what shall we have for (T —2) ?" 
(T—t) X ON 

T 


r 


The result is where CN is the initial value 

of ON and T the Sparsa-Sthiti-Khanda. Substituting the 

values of ON and T from verse 12, where 

NURI N(R-4-7y—8? x 60 

C — NN T — 

ON = J(R--r—g? and T Zu o 

we have the required Bhuja as 

(T —4) (VR? — 63) 
60 (VR+9*)—6") 


= (T—t) (m:—s:) degrees as given. 


qs — 
X (m,—5,) = Ca me) minutes 


Similarly we could find the Bhuja with respeot to 
‘totality’ ie. the ‘Marda-Bhuja’ as it is called. 


Note. One might mistake M, M, of fig. 74 (Mı per- 
taining to a subsequent moment) to be the Bhuja defined 
above, which is the join of the centre of the eclipsing body 
and the foot of the latitude at the middle of the eclipse. 
That is why Bhaskara uses the word ' Madhya-S'aragra- 
Chihna’ in the commentary, meaning thereby not the 
foot of the actual latitude at the middle of the eclipse but 
only the point N of fig. 77 which ‘ signifies’ it. 


Second half of verse 16 and first half of verse 11. 


Taking the latitude of the Moon at a given time as 
Koti, and Bhuja as the Bhuja of the moment defined 


above, we have the Karna of the moment as V Bhuja +A ; 
R+r—Karna gives the Grass at tho moment. 
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Comm. The word ‘Grasa’ at the moment stands 
for AB of fig. 77, Karna for OM, where CN is the Bhuja 
and MN is the Koti, The ‘Grisa’ at the moment of 
opposition has the special name Sthagita. 


Second half of verse 17 and verse 18. 


To obtain the time after the moment of first contact, 
knowing ‘ Grasa’ at the moment. 


Pr —Grasa)'— p? 
pr Gris) TE = t; this ‘4’ is to be rectified 
by obtaining the f of the moment and again finding ¢ and 
repeating the process till an invariable magnitude is got. 


Comm. This is the converse of finding the Grasa 
given the time. The method of rectification is also 
evident. In the above equation considering 6 and ¢ as 
variables, and differenting, 


2 (mi—s:) N(P-Er—gy—&& (T—t) (mi—s,)* 


Knowing $8, dt could be got without taking recourse 
to the method of successive approximations. 


Verse 19. Certain definitions. 


The ‘Middle of the eclipse’ (or strictly speaking the 
moment when the portion eclipsed is a maximum) occurs 
at the moment of opposition. Sparsa or Pragraha is at 
the moment of first contact and Moksa is at the moment 
of last contact, separated from the moment of the middle 
of the eclipse by times equal to Spars'a-Sthiti-Khanda and 
Moksa-Sthiti-Khanda respectively before and after. 
Similarly Sammilana and Unmilana or the moment of 
the commencement of totality and the end thereof ocour 
before and after the moment of ‘ the middle of the eclipse’ 
by times equal to Sammilana-Marda-Khanda and Un- 
milans- Marda. Khanda respectively. 


F 
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Comm, Clear. | | 
Verse 20. To get what is called the Valana. 


The hour-angle of the eclipsed body expressed in 
nadis, multiplied by 90 and divided by half the duration 
of night (if it be lunar eclipse) or half the duration of day 
(if it be solar) as the case may be will give the degrees of 
an angle, whose H sine being multiplied by the. H sine of 
the latitude and divided by (H cos हे, (where हे is the decli- 
nation of the eclipsed body), gives the H sine of what is 
called Aksavalans which is north when the hour angle 
is east, and south otherwise. l 


Comm. This subject of Valana requires a detailed 
treatment as is given in the Goladhyàya by Bhiskara, 
Here only & practical formula is given to proceed with 
the computation. For an understanding of this formula 
we have to necessarily draw upon the treatment in 
Goladbyaya. . 

The word ' Valana’ means ‘deflection’. The problem 
posed is af what point of the disc of the eclipsed body does 
the eclipse begin and at what points it ends. Since an 
observer sees the disc of the eclipsed body on the back- 
ground of the spherical surface of the sky, the specification 
of the point of first contact must neeessarily be made with 
réspect to-east, west, north and south. These directions 
could be specified with respect great circles drawn second- 
ary to the prime-vertical. But the Earth's shadow moves 
along- the ecliptic and the Moon is also very nearly 
moving on the ecliptic at the moment of an eclipse. Thus 
"Valans' should give the angle between the ecliptic and 
the prime-vertical; rather it should be described by two 
diameters of the Moon’s diso, one a secondary to the 
prime-vertioal and one a secondary to the ecliptic. In 
other words we have to get the angle subtended at the 
centre of the Moon's diss between those diameters. 
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This angle between the two diameters mentioned, 18, 
ÁN 
for convenience divided into two parts namely KMP and 


^^ 
PMN, where K, P, and N are the poles of the ecliptic, 
celestial equator and the prime-vertical and M is the centre 


^^ 
of the Moon's disc. KMP is called Ayana Valana, so 
called because if depends upon the obliquity of the ecliptic 
to the Equator (अयनयोः Ted आयत्तं बलनम्‌ ie. the deflection due 
to the deflection of the solsticial points from the equator) 


“oN 
whereas the angle PMN is called Aksa Valana ie. defle- 
ation of a secondary to the prime-vertical namely NM 
with respect to a secondary to the celestial equator namely 
PM which is due to Aksa or latitude of the place, 


We shall first treat the subject on modern lines and 
then depict Bhaskara’s treatment. Let 8, ६, 4 stand 
respectively for the Ayana, Aska and total Valanas 


T P 

respectively, where by ‘total Valana' we mean KMN 
^ No 
which is the algebraic sum of KMP and PMN. 


From the spherical triangle KMP fg. 78. 
ON 
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Sin 90+a sing _ sin (90—4) 
Sin (90-8) sine asin (90--5) 
Sin. GOs sin w GOB « 


Sin 6 = 
eos 6 cos 8 


Similarly from fig. 79, where 
N P=celestial pole, N= North- 
point, M —centre of the Moon’s 
disc, Q=latitude of the place, 
h=hour-angle of the Moon, 
\ e=Aksha Valana and z=Ara 
of the prime-vertical inter- 
cepted between the zenith 
and the foot of the secondary 
fo the prime-vertical drawn 
through M, which are goes by 
the name Sama- Vritta- Natam, 
sa or zenith-distance measured along the prime-vertical- 
u==distance of M from the prime-vertical measured along 
the above Secondary, 
Sin ¢  sin(180-AÀ) |  sinz 


—À P yi Mane iaa e ape T—ÀÀ————€— — 


Sine  sin(90—g) sin (90—6) 


Fig, 79 


Sing —Sinpsinh, sin p sinz J, 
cos # GOS 6 


In fig. 80, where (M) is the Moon’s disc, AB, the 
diameter of the disc extending along the ecliptic (assuming 
the Moon’s centre almost on the ecliptic, which is the 
case at the time of an eclipse), 5, P, N respectively the 
pole of the ecliptic, the celestial pole and the north point 
and ð, £ the Ayana and Aksa Valanas defined above, the 
eclipse starts at A, the eastern side of AB, called the 
Kranti-Vritta-Prachi, AB being perpendicular to EF a 
diameter of the disc secondary to the ecliptic, An observer 
with his physical eye construes the diameter CD, which 
is secondary to the prime-vertical as indicating north and 
south. Naturally therefore, it is required to specify the 
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location of A, the point of first contact, with respect to 
the diameters GH and CD, which are respectively East- 
West and North-South. Suppose 8--£—45*—GMA, then 
we say that the eclipse begins af the north-point of the 
disc and soon. For this purpose, the concept of Valana 


^^ 
arose. We have said above that the angle KMN= GMA 
is to be got, and that if is the algebraic sum of ¢ and £, 
meaning thereby that when K comes in between P and N, 


or below N, which is also likely for places of latitude less 
48 
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than e, the obliquity of the ecliptic, KMN will be equal 
to ६-0 and 0—£ respectively 


The formula given in the present verse is 
H 
` H cos Ò 
TN :_ (90h\ Hsing 

or Hsint= Hsin ae Hoos 
where h and D/2 are measured in nadis, h being the hour 
angle of the Moon and D/2 half-the duration of the 
Moon’s stay above the horizon. 


Evidently tho formula is intended as an approximate 
one, for all practical purposes considered equivalent to 
formula II given above namely 


ing = EP OSMA TET EEA 
gin & os 8 or H sin £ H cos S 
Thus in the place of z we are given DA which meana 


‘when z=90°, D/2 is the hour angle measured in nadis, 
what is z when the hour angle is À?", The answer is 


This formula is approximate because h and z are 


not strictly in proportion though h increases or decreases 
along with z. 


Nonetheless, the formula serves for practical purposes 
very approximately and the beauty lies in the concept of 
Sama-Vritta-Natamsa, which means measuring hour- 
angle in terms of the arc of the prime-vertical instead of 
an arc of the celestial equator. The error, it will be noted 
will not be much in low latitudes. 


So far with respect to the commentary on the present 
verse. - Now we shall see how Bhaskara tackles the pro- 
blem rigorously in Golàdhyàya under the caption Valana 
Vasana’ ie. ‘concept of Valana’, 


879 
^^ | ass 
We defined above that the angle KMP is Ayana 


AN 
Valana and the angle PMN as the Aksa-Valana. These 
are respectively called Bimbiya-Ayana Valana and 
Bimbiya-Aksa-Valana being subtended at M, the Gentre 
of the Bimba ie. the disc of the Moon. If in fig. 78, T be 
the foot of the celestial latitude of the Moon, then the 


^M AN 
respective angles KTP and PTN are called the Sthantya- 
Ayana-Valana and the Sthaniya-Aksa-Valana ie. the 
angles subtended at the Sihana or the construed position 
of the Moon on the ecliptic, 


The Ayana-Valana is zero and a minimum when 
M or T lies at the solstices, and a maximum equal to o 
when those points lie at r or —. Similarly the Aksa- 
Valana is a minimum equal to zero when M or T lies on 
the meridian and a maximum equal to @ when those 
points lie at the east or west points. In other words the 
Ayana-Valana increases from zero to was M or T moves 
along the ecliptic frorn a solstice fo an equinoctial point; 
and the Aksa-Valana increases from zero to the maxi- 
mum value of gas M or T moves along zE or zw from z 
fhe zenith to E or w along the prime-vertical. Hence 
Ayana Valana is perceived to be proportional to 
H sin (904-4) where 4 is the longitude of M or T, since 
When 4 = 90, Hsin(90-- 90) — 0 and when 4 = 0, 
H sin (90-+90)=0 and when 4-0, Hsin (£0--0)—R,a 
maximum; similarly the Aksa-Valana is perceived to 
be proportional to H sin z where z is the Sama-Vritta- 
Natamga defined before, since, when ४0, M or T is at 
the zenith and the Aksa Valana is zero and when M or T 
is at the Hast or West point, z—90? and H sin z=R, a 
maximum, री 


It is worth:hearing Bhaskara, at this juncture (Ref. 
verses 80-74. under the caption: Valana Vasana pages-800- 
306. Ánandasrama edition of Goladhyaya Vol. 2, Poona). 
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“The north and the south with respect to the Equator 
and Ecliptic (ie. the north-pole and south-pole) are differ- 
ent at the points rand =, being at a distance of w from 
each other. Hence the Ayana Valanajyd at those points 
is equal to H sin 24° (w taken to be equal to 24°), But at 
the solstices, the north and south will be the same (mean- 
ing thereby that the angle subtended by PK at the solstices 
is zero, or what is the same, the directions to the respective 
poles (of the Equator and the Ecliptic) at the solstitial 
points are the same 80 that the Hast will be the same for 
both the circles at those points. Thus there is no Valana 
at the solstices ie, PZ. K=O where’z=cancer, In between 
r and Sx, the Valana is found in proportion to 
H sin (90--4) where 2 is the longitude of the point and 
in inverse proportion to H cos हे, where 9 is the deoli. 
E sin (90--)) 

H cos § 
0 is the Ayana Valana, Similarly at the points of inter- 
section of the Equator and prime-vertical namely E and æ, 
the Unmandala (the Equatorial horizon) decides the 
north-south direction with respect to the Hquator, whereas 
the horizon decides the same with respect to the prime- 
vertical, These north-south directions with respect to 
those two great circles namely the Equator and the prime- 
vertical differ by the angle between the Unmandala and 
the horizon which is equal PN=g, the latitude of the 
place: Hence at the Hast and West points the Aksa 
Valanajya or the Heine of Akga-Valana is equal to 


Hsin ळू, But at the zenith, the north-south directions 


of the Equator and prime-vertical coincide so that there 


nation. Hence H sin Q = X H sin o, where 


is no Aksa Valana at the gonith, Thus H sine of the 
Valana is proportional to H sin @ in between the points 
on the prime- vertical between the zenith and the East and 
West points. (Roughly speaking) H sin ह = 


H èin d H sin z where ¢=Aksa Valana, z: 
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Natàmsa (defined before) and H sin z may be taken to be 


roughly equal to Oh (as depicted before). 


D/ 
In the Hast the Aksa Valana is north, for, in fig. 80 


GMI which gives the East of the Equator with respeat to the 
the Hast of the prime vertical, is north; whereas in the 


^ 
West HMJ is south. (The definition of the direction of 
the Valana is given as a directive to add the two kinds of 
Valanas if they be of the same direction otherwise to take 


the difference; in the fig. 80, the Ayana Valana ie, IMA 


is also north, so that adding GMI + IMA = GMA is the 

Sphuta Valana or the actual Valana). Hence Sphuta 

Valana measured by GMA is had by the sum or difference 
^ 


^M 
of the two angles GMI and IMA which define respectively 
the Ayana and the Aksa Valanas. 


Similarly, at the point of intersection of the Eoliptic 
and the prime-vertical, the Sphuta Valana is a maximum 
which is the sum or difference of the Valanas as the case 
may be. At points removed 90° on either side, from the 
point of intersection of the Eoliptio and the prime vertical, 
in ag much as the north-south directions with respect to 
the Ecliptic and the prime-vertical coincide, the Sphuta 
Valana is zero. 


If (as Lallacharya said) the Valana varies as the 
Hversine at those points which are removed by 90° from 
the points of intersection of the Ecliptic and the prime. 
vertical, the Sphbuts Valana will not be zero (which is 
against common sense). Hence the Valanajya varies as 
Hsine and not as Hversine, 


We shall look at the subject from another point of 
view for the sake of clarity Fix a cirole on the sphere 
with the celestial pole as centre and w as the angular 
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radius. This circle is called Kadamba-Bhrama-Vritta or 
the circle in which the pole of the Eoliptio revolves round 
P (due to diurnal revolution of the Harth). In that circle 
Hsine of an angle will be H sin 8............ Or again draw the 
great circle with the planet's position as the pole, called 
the horizon of the planet. The arc intercepted on thig 
circle between the Ecliptic and the celestial Equator will 
be Ayana Valana and that intercepted between the celestial 
Equator and the horizon is the Aksa Valana; and the 
aro intercepted between the Ecliptic and the horizon is the 
Sphuta ४७1818. 


Or again draw a circle with K as centre and radius 
w = 24°, This circle is called the Jina-Vritta where the 
word Jina means 24, Let a secondary to the Ecliptic 
passing through K and K’ the poles of the Ecliptio revolve 
with KK’ as fixed. When this revolving circle passes 
through Cancer (Sàyana) it will be passing through P. 
The angle turned through by this circle from Cancer, will 
be equal to the angle turned through from P. The Hsine 
of that angle in the Jina Vritta will be Hsin 8 of a 
longitude equal to that angle. Thisis the Ayana Valana 
and it arises ai the end of Dyujyà, since the north-polar 
distance of the planet is (90-68) whoes Hsine is Dyujya 
ie. H cos. 8.. The corresponding Ayana Valana in a circle 
of radius R is got by multiplying by R and divided by 
H cos 8 


us olarify Bhaskara’s mind, (Ref. fig. 81) Let 

PBD ‘be the Jina. Vritta drawn on the sphere with K, the 
pole of .ehe Eoliptio as- centre and o=24° as radius, Let 
a revolving secondary to the Eoliptie coincide initially 
with K*wheret;is Cancer. Let it ocoupy subsequently 
the position KM where M is the centre of the Moon's disc 
taken to be on the Ecliptic as is the case very approxi- 
mately at the moment of an eclipse.. Now the Ayana 
Valana is the angle KMP. Let MA be the declination of 
to L such thas MK —ML-90*, Hence 


Fig, 8! 


=ð since PA=90° and LM=90°. The Ayana Valana 


P | 
KMP is measured by the arc ML whore ML is an arc of 
the Grahaksitija or the horizon of the planet M (ie. the 
circle with M as centre and 90° as radius drawn on the 
sphere or what is the same the great circle whose pole is 
M). PB is an arc of the small circle parallel to KL which 
is an arc of a great circle. Then in the Jina Vritta 


AN 
sin =sin PK X sin PKB=sin w sin (90—4)—8in w cos 4 


* * « SID * 
-. sin KL = sin w cos 4/008 PL = a = sin PMK., 
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Here sin w cosa is called Sa-thribha-graba-ja-kranti or 
the declination of a point whose longitude is 90+4 where 4 
is the longitude of M. As we have the formula sin § = 
gin ७ sin A, sine of the declination of such a point is equal 
to sin o sin (90-++-A)=sin w cos 4, When हे is very small 
ain PMK may be taken to be sin e cos 4 or what is the 
same Sa-thribha-graha-ja-kranti as is formulated by Surya 
siddhanta. 


It may be doubted how sin PB=sin PK sin 90—4, 
(Ref. fig. 82). Let K’ be the centre of the circle PBD, 


Fig. 82 


K’ being in the plane of PBD. K/P and K'B are radii 
of this circle, Since the arc PB stands for 90—4 PK/B- 
90—4. Draw the H sine of arc PB, which is PB’. Now 
K’/P=H sin e, as PK’ is Lar drawn on OK 
PB/= PK’ sin PK'B 
=H sin o X sin PK/B = E - 
H sin w H cos 4 
R 


H ain KL = Heine ०००१ y H oos 8 = 


H sin w H eo 


385 


c Prime Y ev co) 


Fig. 83 


Note 1. Bhaskara says PB’ (fig. 82) is Kranti-Sinjant; so 
H sin w H 
it is because PB/=PK’ sin (90 —4) = Ee R — 
= H sine of the declination of a point whose longitude is 
90+A = Satribha-grahaja-kranti as is mentioned by 
Bhaskara and Strya-siddhanta. 


Note 2. If M be the centre of the Moon's diso and 
ABC its horizon defined above, the arc AB intercepted 
between the Ecliptic and the Equator is Ayana Valana, the 
arc BC intercepted between the Equator and the prime- 
vertical is Aksa Valana and the aro AC intercepted 
between the Heliptic and the prime-vertical is Sphuta- 
Valana. 


Note 8. The analysis of Aksa Valana proceeds on 
similar lines, only we have Pand N in the place of K 
and P. 


Note 4. The mistake of Lallacharya alluded to by 
Bhaskara is as follows. The Ayana Valana, we have seen 
is zero at the Ayanas ie. the solstices and maximum at 
rand = ie. the equincotial points removed by 90° from 
the Ayanas. Now Hversine = R—H cosine so that when 
90 —a=0 ie. ३900", Hversine (90—3) = R—H cos (90—4) 
= R—H sin 90° = R—R=0 and when 90—4--90? ie. 
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a=O Hversin (90—a) = R—H cos (90—4) = R—H sin a 
= R—H sin 0° = R-O=R. Hence Lallacharya took by 
mistake that the Ayana Valana varies as Hvers (90—a) 
instead of H sin (90 —A) since both Hversine and H sine 
of 40=-/ are zero at the Ayanas and maximum at 7 and =. 
The same mistake was committed by Lallàcharya in the 
context of the Moon’s phase also as criticised by Bhaskara 
as we shall see later. In fact, this latter criticism is not 
so justified as the former, as will be shown in that context, 


Note b. If instead of taking the Ayana Valana to 
vary as Hsin (90—2) we happen to take according to 
Lallacharya that it varies as Hversine, then in places (Ref, 
verses 38, 39 Valana Vasana, Golàdhyaya) removed by 
90° from the points of intersection of the Ecliptic and 
the prime-vertical, where there should be no Sphuta- 
Valana, we do get that there is some Sphuta Valana there, 
since the value of Hversine differs from Heine, though 
these two functions happen to be zero simultaneously and 
maximum simultaneously. 


Bhaskara continues in verses 66-68 (Ibid) “ I shall 
now depict Aksa Valana by means of the hour-angle, 
Take the sum or difference of S'anku-Agrà and Sanku-tala 
according as they are of the same direction or not; compute 


Zp? where B is the result; then Hsin @ H sin h 
N R3 — p? 
is equal to H sin £ where ¢ is the Aksa Valana 


Comm. We saw before in the Triprasnadhyaya 
that 
A=S-+B where À-—S'anku Agra, Jae ud B= 
Sanku-bbuja = H sin p where #18 represented in fig. 79, 
Hence 4 13— B? = H cos # so that the above formula gives 
„+ Hsing XHaink,.,. 
Hsin ¿ = Hosp Which is the same ag got by 


the modern formula in Equation II.. 
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Note. A small circle parallel to the prime-vertical 
is called Upa-Vrtta. Also secondaries drawn to the 
Ecliptio, Equator and the prime-vertical are called 
Kadamba-Sütra, Dhruva-Sütra and Sama-Stitra, They are 
also called occasionally as Kadamba-protasVrita, Dhruva- 
prota-Vrtta, and Sama-prota-Vrtta 


Bhaskara proceeds to find the Ayana Valana in a very 
ingenious way in verses 69-74, We shall first give ita 
modern treatment so that we may better appreciate his 
genius. Let (S) be the Sun’s disc. (It does not matter 
whether we take the Sun or the Moon), EQ is its diameter 
along the diurnal circle, and CL along the Heliptic. LM 
is the difference of the declination of L and S. Let 
SL=^4 and LM-—4Ao. We have 

gin हे = sin A sin o; 

differentating cos हे Aé = sin e Gos AAA 


A6 m^ X Al; put A4 = b, the angular 
cos ठे . 


radius of the disc 


bX sin w cosi bHsinw KX Hoos fs 


ae ९७08 à R x प cos ò 


This gives the Valana in tbe disc of radius b. Jf that 
be so, what will it be on the sphere of radius R? The result 
bHsinw X प ००84 , R _ Hain > H cosà 


Lone d 


R x H cos 8 6 H cos 8 
as got before. 


Let us hear Bhaskara, “put the dise of the Sun at 
the point of intersection of the Ecliptic and the diurnal 
circle, The Valana (LM of fig. 84) at the periphery of 
the diso is the difference of the declinations of L and. 
To get the value of this let us first get the value. SL in 


terme of a, the longitude of 8. It is l IX B, so that LM 


Fig. 84 


: ual t ORD I e ; . 
will be equal to 238 X = R^ where B is the Bhogya 


khanda of à. To obtain the value of the above for a cirole 
of radius R from a circle of radius b, we have to multiply 
by R/b. So, the result is 

x x Ee xz = E But the value of B 
is got as follows. ‘If for H cos 4 equal to R we have the 
first Bhogyakhanda equal to 325, what shall we have for 


H cosa?’ The result is 55 Substituting for 


R 
Heino 225 X Hoos4 Hsinw X Hoos 
B b ou duis Senta X A ttm mnn memes ee iem atn 
, we have 356 R R 


Now, on account of declination, the Sun's disc is inclined 
like an umbrella, So LM of fig. 84 will take a position 
like L/M as shown in fig. 85 where the triangle MLL!’ is 
similar to SMO, 8 being the centre of the Sun's digo, O 
the centre of fhe sphere. Hence 


LM R E R H sin w H cos a 
LM H cos ò R 


H sino X 00406 got before’, 


Comm. Bhaskara terms SL as the Dorjyantara’ or 


the variation in Hsin a, which he knows to oe 


Fig. 85 Fig. 86 


But proceeding from first principles, as he always does, 
he asks us to consider the Bhogyakhanda at 2 namely B. 
If this be for an interval of 225’, what will be it be for ‘b’? 


The result is b 996 


used is as used above, Bhaskara says many a time that 
the variation in Heine is proportional to Heosine. This 
concept he might have derived by looking at the Heine 
table of 90 Hsines. Hence the argument advanced by him 
to reotify B is ‘If for Hoosine equal to R (at zero-value 
of the argument) the initial Bhogyakhanda is 225, what 
will it be for an arbitary H cos a? The result is 


Then to rectify B, the proportion 


Hoes x 995, Substituting this for Bin the above, we 


have DE 0084 x 295 — PH eosi . This expression we 


225 
perceive as no other than B R AB to A (Hsin a), 
for b is to be taken as AA. R LE called by 


as Dorjyantara meaning thereby A (H sin 4). 
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Then the next argument is ‘If for Hsin a equal to R we 
have the declination equal to H sin ७, what shall we have 
for the above Dorjyantara. The result is 

H xS X sega xe. Since this is in modern terms 
sin w cos A X b and b = Aa, we perceive that this expres- 
sion is A (H sin हे) where हे stands for LM of fig. 84, ie. 
the difference of the dcclinations of the points S and L of 
the diso of fig. 84. The next argument advanced by 
Bhaskara, namely that on account of declination, the disc 
is slanted and LM gets thereby enlarged into L/M of 
fig. 84 and adduces proportionality from fig. 86. Bat this 
argument seems to be faulty, In fact, the magnitude of 
LM is got for the diurnal circle of radius H cos हे, To 
get its value for radius R, the result would be 


H sin o H cosa Xb y R _ b. HsinwH 608) 
R? H cos 6 R. H cos 8 


Then the argument is ‘If in the disce of radius b, we have 
Aé equal to the above what will it be for radius R? The 
result would be H sin o H oos à 
H cos 

Note. Our argument is based on the idea that lines 
of the small circle namely the diurnal circle get enlarged 
for a circle of radius R in the porportion R: H cos $. 
Bhaskara’s concept of enlargement on account of slanting 
does not seem to be plausible because, on account of deoli- 
nation, the disc may occupy an overhead position when 
the Equator is itself inclined. Thus slanting does not 
arise out of declination, 


The question might be asked as to how Bhaskara got 
the right answer by such an argument. He got the answer 
up his sleeves through the other methods he gave and he 
adduced this argument to get at that answer 


391 
Second half of verse 21 and first half of verse 22. 


H cosa X H sin o 
H cos à 

The direction of this Valana is that of the hemisphere 

north or south in which the Moon lies. 


= Hsin 8 where Q is the Ayana 


Comm, This is the formula we have already derived. 
Regarding the direction of the Ayana ४७18175, the conven- 
tion is that if is to be considered north, if the Moon be in 
the northern hemisphere, otherwise south. The reason is 
that at the time of a lunar eclipse, the Moon being in opposi- 
tion, if he be north, the Sun will be south of the Equator, 
and fhe line BA of fig. 80 representing the Ecliptic which 
is roughly the join of the Sun and the Moon will be north 
of the line JI which is parallel to the equator. Thus the 
direction of the angle IMA gives the direction of the 
Ayana Valana. 


Latter half of verse 22 and verse 23. Sphuta Valana. 


The Heine of the sum or difference of the two Valanas 
according as they are of the same or opposite directions, 
multiplied by the sum of the angular radii of the Moon 
and Rahu, and divided by the radius gives the Hsine of 
the Sphuta Valana. Those who said that the Valana is 
proportional to the Hversine, do net know spherical 
geometry properly. 


Comm. ‘The direction of the Aksa Valana, was defined 
in verse 20 that it is north if the hour angle is east, other- 
wise south. The meaning of this convention is that the 
diameter of the Moon's dise parallel to the Equator when 
the hour angle is East, is north of the diameter which 18 
parallel to the prime-vertical. Thus combining the two 
conventions regarding the directions of the Valanas, it is 
clear that if both the Valanas are north, the line MI is 
north of MG, and MA is north of MI (fig. 80) so that the 
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Sphuta Valana is:equal to the sum of the angles GMI and 


AN 
IMA, Suppose MA is south of MI either falling within 
the angle GMI or south of MG, then clearly the Sphutr 


^ ^ ^ ^ 
Valana GMA = GMI ~ AMI or AMI — GMI as the case 
may be, which is obtained as the difference of the two 


AN 
Valanas, Having obtained GMA as the Sphuta Yalana, 
H sin GMI multiplied by (P+r) and divided by R gives 
Hsine of the Sphuta Valana to be represented in a circle 
of radius equal to P+r. This latter convention of repres- 
enting the Sphuta Valana in a circle of radius P+r is only 
a convention, The expression 
H sin (Sphuta Valana) X Pr 
R 
where GMA is Sphuta Valana. In other words, we are 
to draw fig. 87 to show the point of first contact namely 
A in relation to MG the line parallel to the prime-vertical, 


gives us RN of fig. 87, 
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Verse 24. Conversion of liptas into what are called 
Angulas. 


H cos z of the eclipsed body at the moment of eolipse 
being divided by the radius and the result being added to 
24 gives the number of liptas per angula. The time 
elapsed after the rise of the body being divided by the 
rising hour angle (both being expressed in the same units of 
time) and the result being added to 24 also gives the same, 


Comm. While a parilekhs or a geometrical drawing 
of the eclipse is attempted at, the problem arises as to 
how many liptas or minutes of arc giving the measure of 
the disc are to be taken to be equivalent to one angula. 
For example, suppose the diameter of the disc is 30’. With 
what radius shall we draw the disc on a board or paper? 
In this behalf, a convention based on observations is being 
mentioned. The discs of the Sun and the Moon are 
observed to be big at rise and small when they are on the 
meridian. So, taking the measure Of the dise fo be 30/ 
for example, if the eclipse takes place at the rise of the 
diso, it is laid down to draw the disc with a radius of 15/24 
ie. 6 angulas at the rate of 24 liptas per angula. {The 
word angula here mentioned might not be what we take 
it to be today in our daily parlance as one inch, The 
gnomon or Sanku was taken in those days to be of a 
length equal to 12 angulas. Bhaskars mentions in the 
beginning of Lilavati that 8 Yavas are together equal to 
one Angula, twentyfour angulas to one hasta, four hastas 
to one danda and 2000 dandas to one Krosa, and 4 Krosas 
fo one Yojana, Also 8 vamsa is equal to ten hastas, Thig 
system discloses that, a Yojana equals 5 modern miles 
according to Bhaskara’s estimate of the diameter of the 
Earth as compared with its modern estimate. (The method 
given by Bhaskara as to how the diameter of the Earth 
could be measured is found to be quite scientific as men» - 
tioned by us before). 

60 
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88 modern inches or angulas are equal to 80 angulas 
of Bhaskara as per the above. 


At this rate the gnomon's modern length would be 


Reverting to our subject, we are asked to represent the 
dise of 30 liptas when the eclipse takes place at noon by 
80/34 angulas counting at the rate of 3% liptas per angula, 


Then the question arises as to what should be the 
correspondence between the liptas and angulas when the 
aclipse takes place in between the rise of the Moon (or Sun) 
and its noon. The directive is that 


one angüla = 23/ + Her = 24 + 0082 I 


This means, supposing Zi—zenith-distance of the body 
to be 60°, one angula is to be taken to be equal to 
24 + cos 60 = 25 + 4 = 3' or 3 liptas. 


The reason given by Bhaskara reiterating what Sri- 
pati said in that behalf, as to why the Moon’s or Sun's 
disc appears to be big at the moment of rising and small 
on the meridian, is that the disc is immersed in its own 
rays ab noon and rendered small in appearance, whereas, 
moet of the rays are swallowed by the earth or its atmos- 
phere at the moment of rising, making the disc appear 
large and easily visible. 


Note. Bhaskara gives the proof of the above formula 
I as follows. Since at the time of rise, we are taking 24 
liptas of the measure of the disc to be equal to one angula 
and while the disc is on the meridian, 34 liptas are to be 
taken as one angula, there is an increase of one lipta for 
an increase of H cos z from zero at the horizon to a value 
equal to the Radius, So, the argument adduced is ‘If for an 
increase of H cos z equal to the radius, there is an increase | 
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of one lipta in addition to 24, what should the inorease- be 
for an arbitrary H cos z ? The result is 
H cos z 
——— X 1 = 608 z. 
R X 


Note 2. As finding cos z at the time of an eclipse 
implies additional arithmetical calculation, and as we have 
already with us the data of (1) the time elapsed after rise 
of the celestial body (Moon or Sun) till the moment of 
the eclipse and (2) half the duration of the day of the body 
ie. the rising hour-angle converted into time at the rate 
of 6° per nadi, so a rough formula is given using h in the 
place of z. The rule of three now used, is ‘If for an unnata 
equal to the dinardha or rising hour-angle converted into 
nadis, we have an increase of 1 lipta per angula (over and 
above 2 liptas) what shall we have for an arbitrary un- 
nata?" The result added to 24 liptas, gives the formula 

Unnata 
Dinardha ` 
H, the rising hour-angle and Unnata corresponds to (H-A) 
where h is the hour-angle at the time. 


one angula = 24 + Dinardha corresponds to 


. Bhaskara uses the word ' Angula-liptas’ meaning 
thereby the liptas that are to be taken to be equal to one 
angula while drawing the parilekha of the disc at the time 
of its eclipse. l 


Verse 25. Converting Valana eto. into Angulas, 


The measures of the Valana (defined above) or the 
Sara ie. the celestial latitude of the Moon or the Rahu 
Bimba or the Bhuja (defined) are to be converted into 
Angulas at the rate given by the above formula, While 
drawing a figure of the solar eclipse, the celestial latitude 
of the Moon is to be drawn in its own direction whereas in 
a lunar eclipse, it has to be drawn in the opposite direction. 


. Comm, The first part is clear. Regarding the second 
statement, in as much as the centre of the Rahu Bimba lies 
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at the foot of the Moon’s celestial latitude, the latter has 
to be drawn in the opposite direction, since in the pari- 
lekha, the centre of the Moon’s disc is to be at the centre. 


Verses 26 to 29. How to depict the eclipse in 
drawing. 


Draw a circle with radius equal to that of the radius 
of the disc of the eclipsed body and also a circle of radius 
equal to rp, the sum of the radii of the eclipsed and 
eclipsing bodies; let directions (east etc.) be marked in 
the figure. In the outer circle, draw the Valanajya or the 
Hsine of the Sphutavala with respect to the Hast point, 
Valanajya pertaining to the moment of first contact. In 
the case of the Moon, the Valanajya pertaining to the 
moment of first contact should be marked from the Hast 
point and that pertaining to the moment of last contact 
should be marked from the West point. In the case of 
the Sun the reverse is to be done. If the Valana is south, 
it should be marked in the clockwise direction, otherwise 
anticlockwise. 


Having marked the Valanajya in the form of a Haine, 
draw the line joining the centre to the top of the Valanajya, 
ie, to the point of intersection of the Hsine with the outer 
circle. The celestial latitude of the Moon is to be drawn 
from this top of the Valanajyà in the form of Hsine again. 
If the latitude pertains to the moment of first contact, it 
should be drawn from the top of the Valanajya pertaining 
to that moment, and if it pertains to the moment of last 
contact, if should be laid off from the top of the Valanajya 
pertaining to the moment of last contact. The celestial 
latitude pertaining to the middle of the eclipse should be 
drawn from fhe centre along the line of Valanasütra or 
the line joining the centre to the top of the Valanajya. 
Taking the extremities of these latitudes, circles are to be 
drawn with the radius of the eclipsing body to depict the 
eclipse at the respective moments, 
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Fig. 88 


Comm. Let M,, M, M, be the positions of the centre 
of the Moon's disc at the moment of first contact, at the 
middle of the eclipse and the moment of last contact 
respectively. Draw a circle with radius M, R, = r+ p 
which is called the Manaikyardha Vritta. Let M, E, 
represent the Eastern direction known as the Sama- 
mandalapràchi, Draw E, V, equal to Hsine of the Valana, 
so that M, V, is the Kranti-Vritta-prachi ie. the point 
of intersection of the Ecliptic with the Eastern horizon. 
Draw N, R, perpendicular to M, V, in the form of Hsine, 
which is the latitude (Viksepa) of the Moon at the moment 
of first contact. With R, as centre draw the Grahaka- 
Vritta with p as centre; this circle represents the Rahu- 
Bimba. 


Similarly let M, be the centre of the Moon’s disc at 
the moment of last contact. Draw a circle with M, as 
centre and r-+p as the radius which is the Manaikyardha- 
Vritta. Let M, W; be the direction to the West, the 
SamamandalapratichI, From Ws draw Ws V, the Hsine 
of the Valana, so that M, V, is now the Krantimandala- 
pratich! ie. the point of intersection of ecliptic with the 
western horizon. Let, the Viksepa N, R, be drawn as a 
Hsine of the Manaikyardha Vritta. With R, as centre 
and radius p, draw the Rahu-Bimba. E 


Let M, be the centre of the Moon’s diso at the middle 
of the eclipse, Let M, S, represent the South with respect 
to the prime-vertical. From Bs, draw the Hsine of the 
Valana S, V, so that M; V, is the Kranti- Vritta-Dakshina 
ie, the South with respect to the Eoliptio. Now the 
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Viksepa or the celestial latitude of the Moon M; R, is to 
be drawn along this Valanasütra M, V. With R, as centre 
and radius p drawn the Rahu-Bimba. 


Fig. 89 Depiction of Fig. 88, keeping the Moon fixed 


The slight flaw in this figure is that ML, L; implied 
as the path of the Moon is taken to be parallel to the 
ecliptic R, R, Rs the path of the eclipsing body the 
Grahakamarga, in as much as latitudes are drawn perpendi- 
cular to ML, Ls. 


This figure depicts a total ealipse of the Moon. If M 
coincides with R: at the middle moment of the eclipse, 
then the eclipse is called central. 


The duration of a central eclipse will be on the 
average the time that the Moon’s disc takes to cross the 
diameter of the Rahu-Bimba with its relative velocity. 
Hence the mean duration of a central eclipse is 
Average diameter of Rahu-+Average diameter of the Moon 
Relative velocity of the Moon with respect to the shadow 

_ (814-64) x 24 ..145.,54,.. 990 | 

7 90/86" —&9'-8n ° T ggg X 94 = "gp = 
4 hrs-46 minutes approximately. m 
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Verse 30 and first half of 31. Geometrical depiction: 


of the eclipse at the beginning and end of totality and 
also of the magnitude of the eclipse. 


The Bhuja is to be laid from the centre of the ‘Moon 
along its Valanasutra or the line indicating the direction: 
of the ecliptic; the latitude is to be drawn from the end 
of the Bhuja and perpendicular to the Bhuja. The hypo- 
tenuse is to be drawn from the centre of the Moon, Taking 
the point of intersection of the latitude (Koti) and the. 
hypotenuse, as centre and radius p equal to that of the 
eclipsing body, if circles be drawn, from these circles could 
be known the points where totality begins and ends as 
well as the magnitude of the eclipse at any given moment. 
Or these could be found in another way as follows. 


Comm. The method given above for depicting the 
phases of an eclipse geometrically, could be applied for any 
moment during the course of the eclipse and depends 
upon before-hand computed Bhuja and Koti. Refer to 
fig. 90. Let M be the centre of the Moon’s disc. Mark 
Ew the East-west line drawn through M. Compute the 
Valana for the required moment, either for the moment 
when totality begins or for that when totality ends or for 
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any arbitrary moment whatsoever. With this Valana 
primarily laid in the Manaikyardha Vritta, decide the 
Kranti Vrittapracht or the East-West direction of the 
eclipse. Thus in the figure Vi V, is this direction. Then 
lay off the computed Bhuja along this V, V, from M, say 
MA for the Sammilana moment or the moment when 
totality begins or MO for the Unmilana moment or the 
moment when totality ends or MD for an arbitrary 
moment. Draw AR, or CR, or DE equal to the latitude 
at the particular moment, perpendicular to the Valana- 
sūtra. In the figure drawn the Valanasütra is shown to 
be the same. This does not mean it will be the same 
throughout. It will be changing because the position of 
the Ecliptic changes from moment to moment. So Bhas- 
kara uses the word ie. ‘the respective Valanasttra '. 
Also the latitudes will be differing from moment to 
moment as well as the Bhujas both of which are to be 
computed for any moment along with the Valana. (The 
method of computing the Bhuja was given in verse 16), 
Computing the respective Karnas or the hypotenuses from 
the formula K = + Bhujs Kou’, (Koti is here the lati- 
tude) with centre M and radius equal to the Karnas, if 
arcs be drawn to cut the latitudes, the points of intersection 
would be no other than R,, R, or E. Join MR;, MR: and 
ME. With centres R, and R, and radii equal to par, 
(where p is the radius of the Rahu-Bimba, and + the 
radius of the Moon’s disc) if circles be drawn, thoy just 
touch the Moon's disc at F and G which are the points 
where totality begins and ends respectively. With centre 
E and radius P, if a circle be drawn, that will show what 
amount of the disc is shadowed as well as the measure of 
the magnitude of the eclipse (defined in verse 11) 


Note. In the above commentary and figure we 
have depicted MD as the Ista-Bhuja or the Bhuja at a 
given moment, taking a moment prior to the Unmr- 
lanakala, for showing the magnitude of the eclipse, 
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If à moment in between the Sammilana aud Unmilana 
were taken, the then Bhuja and Kosi could be no doubt 
computed, but the question of magnitude of the eclipse 
does nob arise as the entire dise has been plunged in the 
shadow. 


Second half of verse 31 verse 32 and first half of verse 
33. Alternative method of depicting the eclipse geo- 
metrically. 


Joining the upper end of the latitude of the middle 
moment of the eclipse to those of the first and last 
contacts, we have what aro called the Pragrabamarga and 
Moksamarga ie. the path of the centre of the eclipsing 
body from the firat contact to the middle moment of the 
eclipse and that from the middle moment to the last 
contact, The lengths of these paths could be computed 
and they couid be drawn before hand. Then with the 
centre of tbe Moon as centre and radius equal to p —r, if 
a circle be drawn, it cuts the paths described above each 
in one point. With those points as centre and radii equal 
fo p, if circles be drawn, they will touch the Moon’s dise 
each in One point which are respectively the points of 
Sammilana and Unmilana, 


Comm. In as much as the latitude of the Moon 
differs from moment to moment, the Pragrahamarga and 
the Moksamarga are separated to achieve a little more 
accuracy than could be got by joining tbe upper extre- 
mities of the initial and final latitudes, The remaining 
statement is evident, for, at the moments of Sammilana 
and Unmilana, the distance between the centres of the 
eclipsing body and the eclipsed will be p—r, so that the 
points of intersection of the Pragrahamarga and Moksa- 
marga with the circle whose centre is the centre of the 
eclipsed body and radius p—r will give the centre of the 
eclipsing body. 
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Latter half of verse 88. To know the magnitude of 
the eclipse at any given moment during the course of the 
eclipse. 


Let the product of the time elapsed from the moment 
of first contact and the length of the path of the eclipsing 
body traced from the moment of the first contact to the 
middle of the eclipse divided by the time between the 
moment of first contact and the middle of the eclipse, be 
x. Similarly let the product of the time before the end of 
last contact and the path of the eclipsing body traced 
between the middle moment of the eclipse and the moment 
of last contact divided by the time between the middle 
moment and the moment of last contact be y. Lay off 
2 snd y units of length from the first and last points of 
the path of the eclipsing body along the path respectively, 
Then we get the points of the centre of the eclipsing body 
at the required moments, With these points as centre 
and radius p, if circles be drawn, they represent the 
eclipsing body. The length of the diameter of the eclipsed 
body shaded, gives the magnitude of the eclipse called 
grasa, 


Comm. Here rule of three is applied namely “If 
during time T, or T, a path equal to J, orl, in length is 
traced what length will be traced in times é or ¢,?”, 
where T, and T, are the times called Sparsa-Sthiti-Khanda 
and Moksa-Sthiti-Khanda respectively, 7, and la are the 
times elapsed from the moment of first contact or before 
the moment of last contact and f:, ta are the times from 
the beginning of the eclipse and before the end of the 
eclipse respectively. Then x andy give the points where 
the centre of the eclipsing body lies. 


Verse 35, Given the magnitude of the eclipse at any 
fime to obtain the time elapsed after the first contact. 


The time taken by the centre of the eclipsing body to 
move through the segment of the path of the eclipsing 
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body which lies between the position of the eclipsing body 
at the moment of first contact and the point of intersection 
with the path of the eclipsing body of the circle drawn 
with the centre of the eclipsed body as centre and radius 
equal ito the difference of p--r—g where g is the magni- 
tude of the eclipse (grasa) at the moment, or similarly the 
time taken by the centre of the eclipsing body to move 
through a similar and equal segment of the path of the 
eclipsing body on the Other side, gives the time elapsed 
after the moment of first contact or the time before the 
moment of last contact. 


Comm. This is the converse of the above problem. 
The method is clear being based on rule of fhree as above. 
Both the problems could be algebraically expressed as 
follows. Let T, ¢, १, g, and £, stand respectively for the 
Sthiti-Khanda ie. the time between the moment of first 
contact to the middle of the eclipse or the time between 
the middle moment to the moment of last contact; (2) 
the time elapsed after the moment of first contact or the 
time before the moment of last contact, as the case may 
be; (8) the length of the Pragrahamarga or Moksamarga ; 
(4) the grasa which is defined as p--r—E; (5) the Karna 
whose expression is /B?+ 8?, B being the Bhuja defined 
and f tbe latitude of the Moon. 


Then the following working is stipulated (a) If in 
time T, a path of length } is traced, what will be traced in 
T ! ^ lt T 1l RN ld 
८? The result 18 (b) Then B= 1 — T (०) B? FB = R’? 


(d) p+r—k=g. Thus combining all the steps 


P(T— + BT = T (pir-9? 1 
given ¢, this equation gives g and given g it gives ८, 
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Again the following relation holds good between T 
and J, 7 = (p+r)?— B^ II and 
l 
M~s 


= T with the nomenclature already employed which 


(0--0) —B. 


Mı s 


means T = 


In the above working, the fundamental elements are 

Rs m, and s, with which the other elements could be 
worked out. Replacing the other elements from equation 
I, we have 


(prp) (ptr Liu 
pb _ (pr) -e 
d ( (m4 — 51) ) (m, 791) 
ie, (ptr) (४७१) —8—16 (m a) + 
B (७0-00) = (pr -8*) (p--r—gy 
ie. Nop rt (mrs) + 8 = (ptr—g? IV 


org) 


Putting t=0 in this equation, we have 
(p+r? = (p4-r—g)* ie. g=0 which means at the moment 
of first contact, the grasa is zero. Again putting 

2 2 

t=T ie, t= or ; E at =F LB 
we have 
B = p+r—g ie. g = ptr—B which gives the graha 
at the middle of the eclipse which was defined as the 
Sthagita. In equation IV which we may take asa funda- 
mental equation, the two unknowns are f and g one of 
which being given the other could be got. 


Verse 86. ‘The colour of the 8016. 


When less than half the dise of the Moon is eclipsed, 
the colour will be what is called Dhumra ie. of the colour 
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of smoke; when the disc is half eclipsed, the colour is 
black; when more than half is eclipsed, the colour would 
be & blend of black and red and when the entire disc is 
eclipsed, the colour will be what is called pianga or 
reddish-brown. : 


Comm. Clear. 
Verse 37, When declare the occurrence of an eclipse. 


When even one-sixteenth of the diameter of the 
Moon’s disc is shadowed, the eclipse will not be visible 
in 88 much as the shadowed portion is covered by the 
ilamiuating rays of the disc. In the case of the Sun, 
when oven one-twelfth of the diameter is shadowed, the 
eclipse will not bo visible for the same reason. Hence we 
shall not declare the occurence of an eclipse upto the 
shadowing of the dises to the extents stated above. 


Verses 38 and 39, Examples which disclose the 
invalidity of construing Valana in terms of Hversine 
instead of Hsine. 


When the Sun is in the zenith, the Heliptic being 
vertical, the Valana is clearly seen to be the Agra of 
( © +90) where © is fhe longitude of the Sun. If you 
could show that the Valana will be the same on the basis 
of Hversine-formula, then I would accept that what 
Lallacharys postulated in his work Sisya-Dhi-Vrddhida 
is correct, 


Again, in a placo of latitude 90—, w being the obli- 
quity of the Ecliptic (e is taken fo be 24°), when the Sun 
being situated in Mesa, Vrgabha, Mina or Kumbha, the 
Moon contacts him from the south at the moment of a 
solar eclipse, in as much as the Ecliptic coincides with 
the horizon. In this circumstance, how could the Valana 
be equal to R, as made out by the Hversine-for wula. 
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Comm. Lallacharya gave the Valana in terms of the 

following verses “ स्पर्ञादिकालजनितोत्कमरिज्जिनी 
वणेन 
क्‌ RAN; ग्राह्यात्‌ सरांक्षांत्रतयात्‌ IAs 

RASA... Verses 23, 25 Chandragrahanadhikara, wherein 
he formulated the Valana in terms of Hversine in the 
place of Hsine. The reason for his slip, we have already 
explained. Now Bhaskara gives two glaring examples to 
substantiate his formula and to show up the flaw in 
Lallàcharya's formulation. 


In the first example, where the Holiptic takes the form 
of a Vertical, the Sun being in the zenith, the Spasta 
Valana which is the angle between the Ecliptic and the 
prime-vertical is the same as the arc between the Hast 
point and the intersection of the Ecliptic with the horizon 
known as Lagna, Since the Sun is then in the zenith, 
the longitude of the Lagna is (90--©) so that the said 
arc is the Agra of the point whose longitude is 90+ © as 
stated. Hence Spasta Valanajya = sin A = sin 8/cos ¢ 
where A is the agra (using Napier’s rule from triangle 
PNL where L is the Lagna N the north-point and P the 
celestial pole). In the Hindu form, this is given by 


_ पय 8 ARHsingà 
Hsin V = H sin A og 


of a point of the Holiptic whose longitude is (90-- ©). But 
Lallacharya’s formula gives the Valanajya as Hvers 8, 
© being the declination of a point of the Ecliptic whose 
longitude is (90-+), 2 being the longitude of the Helipsed 
body ignoring the latitude. In other words, in the case of the 
lunar Eclipse when the Moon is in the zenith his Valanajya 
= Hvers 8 (8 having the above value) the Aksa Valanajya 


RH sin 6 : 
Ho d « Hvers 8, the mistake 


where @ is the declination 


here being zero. Since 


committed by Lallacharya is evident even supposing 
H cos @ =R when we ignore the latitude ie, take @ to 
be zero, 
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In the second example cited by Bhaskara the Ecliptic 
coincides with the horizon, the pole of the Heliptio being 
in the zenith. Then in a Solar Eclipse the Moon eclipses 
the Sun from the south showing that H sin V = R, That 
H sin V = R is also evident from the fact that the Ecliptic 
makes 90? with the prime-vertical, having coincided with 
the horizon. But here according to Lallaoharya’s formula, 
H sin ¢ = Hvers 90° = R and Ayana Valanajya is Hvers 8, 
where हे is the declination of a point whose longitude is 
90° more than ©. If © = 80°, 60° H sin Q = 
R_. N3 Rsinw . sin w 
g भं e/R or 7 RO 9 73 
Evidently the sum of the two Valanas Ayana and Aksa 
cannot be 90° as is also vouchasafed from geometry. So, 
here also, the flaw is evident. 


or 43/9 sin o. 


Note 1. Sripatyacharya also followed Lallacharya 
vide verses 18, 19, 20 Chandragrahanadhyaya, Siddhanta 
Sekhara. It will be noted that the commentator of 
Siddhanta Sékhara, while reiterating Bhaskara’s stand as 
the correct one, himself commits a mistake in saying 


In fact 


sing sink _ sin d sin z 


gin £ = as proved by us before. 


cos U 008 Ò 
The commentator cited above overlooked that ein £ could 
sin @ sin h 


be also equal to , Wherein natakala also is 


implied. 


Note 2. It will be noted that even Prthüdakacharya, 
while commenting on Brahmasphuta Siddhanta, ignored 
Brahmagupta and followed Lallacharya blindly. 


Note 3. The formula given by Lallacharya and 
‘followed by Prthtidaka as well as by Sripati is very rough 
besides containing the flaw cited, in as much as both ft 
and हे are taken to be zero, which gre not ao, 


SURYAGRAHANADHIKARA 


Verse 1. In as much as the observer situated on the 
gurface of the Earth and as such elevated by the radius 
of the Earth from the centre there of, perceives not the 
Sun and the Moon having the same longitude at the 
moment of conjunction, to be in the same line of sight, 
heyt being depressed unequally having different orbits, so 
I proceed to elucidate what are called Lambana and Nati 
ie. parallax in longitude and latitude, on which account 
they are not in the same line of sight. 


>. 


Fig. 91 


_ Comm. (Refer fig. 91) Let E be the centre of the 
Earth, M and S the centres of the discs of the Moon and 
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the Sun. Let A be the position of an observer on the 
surface of the Earth, elevated by the radius HA from E. 
Let M and S be in the same line of sight as seen from E. 
But as seen from A, AS and AM are respectively the lines 
of sight to the Sun and the Moon. Evidently these lines 
of sight differ the Moon being depressed more than the 
Sun. Ifa line AS’ be drawn which is parallel to the central 
line of sight namely EMS, we find that the Sun is 
depressed by the angle S'AS whereas the Moon is depressed 
by the angle S/AM/, These angles differ because the orbits 
of the Sun and Moon differ. : 


Here the angle S'AS will be very very small, its 
magnitude being in truth just about 8” only. But the 
angle S/AM/ will be sufficiently large since the Moon is 
very near the Earth compared with the Sun. Taking ES 
and AS to be almost parallel due to the largeness of the 


N 
Sun’s distance, the angle SAM will be almost equal to 


^L 
AMS 80 that we could consider that the Moon is depressed 
from AS the line of sight to the Sun by the angle SAM’ = 


^ 
AME. This angle AME is called the geocentric parallax 


. ^ ^ 
of the Moon and the angle ASH that of the Sun M/AS = 
angle of depression of the Moon over and above that of 


N ^ 
the Sun = M'AS — M'AS = EMA — ESA = geocentric 
parallax of the Moon minus geocentric parallax of fhe Sun. 


Verse 2. The presence or absence as well as the 
positiveness and negativeness of the parallax in longitude. 


Compute the Lagna at the moment of conjunction of 
the Sun and the Moon. There will be no parallax in 
longitude when the Sun is situated at the point called 
Vitribha or the point whose longitude is = L—90°, L 
being the longitude of the Lagna ie. the ascendant which 
is the point of intersection of the Eoliptio with the 

62 
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horizon. If the Sun's longitude falls short of the longitude 
of the Vitribha or exceeds it, there will be parallax in 
longitude which will be positive in the former case and 
negative in the latter. 


Fig. 92 


Comm. (Ref. fig. 92) Let SN be She horizon, Z the 
zenith and VA the Ecliptic. A is the ascendant or Lagna., 
Let V be the point called Vitribha which is 90° behind A. 
Strictly speaking V is called Vitribhalagna or lagna from 
which three Ragis or 90° are subtracted (Bha= Rasi, 
ज्रिभिविरहितम्‌ वित्रिभय्‌; वित्रिभम्‌ च तत्‌ gan च वित्रिभलग्नम्‌ ie. 
& point whose longitude is got by subtracting three 
Rasis from that of the Lagna). Let ZV be the vertical of 


^ 
V so that ZVA = 90°. It will be seen that AV = 90° a8 
follows. Let A’ be the point where the Ecliptic intersects 
the horizon on the west. One will construe that the 
‘Keliptic is biseoted by the meridian; but it is nob go, 
Spherical triangles AVZ and A'VZ being right-angled at 
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V are congruent because AZ = A'Z and ZV is common 
^ AV = VA’. But AV + VA! = 180° because the Ecliptic 
and the horizon being two ‘great circles, they bisect each 
other. Hence AV = 90°. Then a celestial body situated at 
V will be depressed along ZV the vertical, say, toa point B. 
Let © be any arbitrary position of the Sun; then ७ will 
be depressed along the vertical Z O, say, to a point C. 
Draw CD perpendicular on the Ecliptic. Then OD is the 
component of the parallax OC along the Ecliptic where 
as DC is its component perpendicular to the Ecliptic. 
Thus ©D is the parallax in longitude and DC is the 
parallax in latitude. The word ‘Lambana’ means 
etymologically लग्बते अनेनेति लम्बनम्‌ ie. that amount by 
which the celestial body is depressed (along the Ecliptic). 
In Hindu Astronomy the word Lambana is applied to 
parallax in longitude alone whereas the word Nati is 
applied to parallax in latitude. Hence fo translate 
Lambana as parallax alone is not correct. The word 
Drik-lambana is applied to mean parallax along the 
vertical, and the word Sphutalambana is occasionally used 
to connote parallax in longitude. 


As Bhaskara rapidly comments on the verses in this 
Ganitadhyaya, he having dealt with the subject of parallax 
elaborately under the caption, Grahana Vasana, in the 
Goládhyàya, to catch up his thought, we have to treat the 
subject first from the modern view point and then elucidate 
what he has said in the Goladhyaya, much matter of which 
is reiterated by him under the commentary here in the 
Ganitadhyaya. 


(Ref. Fig. 91) From the SHAM, 


smi 


a d d 
the Earth and d the distance of the celestial body (here the 
Moon) | : 
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* Sin EMA -sin ZAM = EMA expressed in radian 


BS ^ 
measure since HMA is very small 
^H 


EMA (expressed in radian measure) = 7 Sin 2 I where 


z is the apparent zenith-distance of the Moon ie. zenith- 
distance as seen by the observer (in contradistinction to 


^ 
the geocentric zenith-distance of the Moon namely ZEM). 
In particular, when z = 90°, EMA = E which is the 


maximum parallax known as the horizontal parallax 16, 
the parallax when the Moon is situated on the horizon of 
the observer. Also the parallax is zero when M is situated 
at Z as is seen from formula I and as is rightly remarked 
by Bhaskara in the words * 


^ 

In fig 91, EMA is the angle by which the line of 
sight of the observer namely AM is depressed from the 
geocentric line of sight HM. Since the plane of the paper 
represents a vertical through the Sun and the Moon, the 
depression of either the Sun or the Moon or the excess of 
the depression of the Moon over the Sun are all in the 
vertical plane. This depression is called Drik-lambana 
because if is a lambana or depression in the Drik-mandala 
or vertical, 


This Drik-lambana varies as sinz as is seen from 
formula I where a, and d may be taken to be constants. 
(Both a and d vary slightly a varying slightly from place 
to place on the Harth, the Harth being an oblate spheroid, 
and d varying from position’ to position’of the Moon) 


MEE 


The maximum horizontal parallax is given by ; 


radian measure which is equal to, according to Bhaskara’s 
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estimate Fool X =~ X 8488 = 53’ approximately. Its 
51566 
modern value is about 57’ so that the Hindu estimate is 
not far from truth. Here 1581 and 51566 are the values 


of a and d in Yojanas according to Bhaskara. 


The Hindu astronomers do not, however, proceed 
exactly as we have done in the para above to obtain the 
maximum horizontal parallax. Their treatment is a little 
different and is as follows. Whereas according to Modern 


AN 
astronomy EM'/A (fig. 93) is viewed as the horizontal 


A 


Fig. 93 


AN 
parallax, in Hindu Astronomy MEM’ or the angular 
measure of the Moon's path equal to the radius of the 
Earth is taken to be the horizontal parallax. Both, 
of course, mean the same as is seen from the figure. 


In as much as the Hindu astronomers knew very well 
what they term कलीकरण or converting linear distances 
into angular measure, converting a linear magnifude equal 
to the radius of the Earth namely MM’ at the lunar orbit 
into angular measure, they got 


MM’ 5 1581 
EM ES 2 * 51666 


maximum horizontal parallax. 


radians = 62'~42” as the 
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Having got this estimate, they reckoned this angular 
measure in time as the time taken by the Moon to traverse 
the distance MM’ equal to the radius of the Harth as 
follows. The Moon traverses 790/-35", which is exactly 
15 times 52-42”. Hence they said that the maximum 
horizontal parallax is zsth of the Moon's daily motion in 
arc and expressing it in terms of time, that the maximum 


horizontal parallax is तह of a day or rsth of 60 nadis or 
4 nàdis. 


That this horizontal parallax is 4 nadis as a maximum, 
would have been also verified at the time of a solar eclipse 
when the Sun was situated on the horizon at the time of 
conjunction, by the fact that the eclipse occurred four nàdis 
in advance of the moment of geocentric conjunction 
(which could be calculated very accurately by the Hindu 
astronomers, as could be seen by the very correct estimate 
of a Junation in Hindu Astronomy. In fact, the length 
of a lunation must have been estimated correctly by noting 
the fime-interval between two solar eclipses or lunar and 
by dividing that time by the integral number of lunations 
elapsed in between the twoleclipses), 


The question then arises as to how the Hindu Astro- 
-nomers could know the distance of the Moon. From the 
estimate of fhe horitontal parallax by actual observation, 
and from the geometry of fig. 93, a correct estimate of the 
distance of the Moon must have been arrived at. 


. Having thus known that the Moon traverses a 
distance equal to the radius of the Earth in 4 nàdis, his 
daily linear motion was estimated to be 15 times the radius 


of the Earth ie lo X els 118582 Yojanas 


.i The daily motion of the Moon having thus. been 
estimated almost correctly, an act of inexpedience on the 
part of the Hindu astronomers was that they should have 
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presumed that all the other planets including the Sun would 
be traversing the same linear distance during the course of 
a day. This led to a wrong estimate of the Sun’s distance 
as well as his spherical radius. Also, they supposed wrongly 
that the parallax of the Sun also would be equal to sth 
of his daily arcual motion. 


Their estimate of the spherical diameter of the Moon 
was, however, very near the truth, for, they argued, that 
if 790'-35" angular motion per day corresponded to 118583 
Yojanas in linear measure, to what linear measure did the 
angular diameter of the Moon namely 39/-0/—9'" corres- 
pond? The answer was 

118584 X 
190/—35/! 


Fig. 94 


It may be here pointed out that there is a relation 
between the angular radii of two celestial bodies as seen 
from each other and their mutual horizontal parallaxas 
(Fig. 94). Let E and M bet he centres of the Earth and 


^^ 
the Moon respectively. EMA = horizontal parallax of 
the Moon = angular radius of the Earth as seen from the 


AN 
Moon and BEM = Angular radius of the Moon = Hori- 
zontal parallax of the Earth as seen from the Moon. Thus, 
we see that the Earth will be seen from the Moon, as a 
Moon with an angular radius equal to 57’. In other words 
our Earth will be a Moon to our Moon, having nearly 16 
the area of our Moon’s diso 
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The periphery of the Moon’s orbit was arrived at as 
follows. “If 790/-85" of the Moon's angular motion 
corresponds to 118582 Yojanas to what periphery must 
360 X 60/ correspond ?" The answer is 
118682 x 360 X 60 _ Mo 
— Jd190-8587 ^ 894000 Yojanas. Reverting to the 
subject of parallax on hand, the Drik-lambana or the 
4H sin z I 

R 


parallax along the vertical has the formula 


nadis in Hindu Astronomy where 4 nàdis is the maximum 
parallax obtained when H sin z = R. 


From fig. 92, CO = CD’? + Do’ ie, 
Drik-lambana* = Nati? + Sphutalambana* II 


^ 
CD = 90 sin Cop = $E sinz 


^ 
sin COD = 4 sin zsin VOZ 


= 4gin OZ sin Voz = 4 sin ZV 


Thus, the parallax in latitude at any point of the Kcliptic 
is that at the Vitribha which is conveyed by Bhaskara 
in the words “ कक्षयोरन्तरं aq स्यात वित्रिभे सर्व 


^ 
Also ७1) = Co cos CoD —4sin OZ cos Zo V 
[ 81 © 
" sin V IV 


= Maximum parallax X Vitribha-Sanku X H sine of the 
aro V © 


In the above working we proceeded in a modern way. 
It is worth-hearing Bhaskara as to how these results were 
arrived at elegantly and ingeneously from first principles, 
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In fig. 91, EMS is called Garbha-Stitra whereas AS 
is called  Drsti-Sütra. 
ie. In as much as the Moon is depressed from. the 
Drk-Sütra, so this phenomenon goes by the name Lambana. 
It will be noted that in Hindu Astronomy geocentric 
parallax will not be treated separately for the Moon and 
the Sun but dealt with simultaneously as it is called for, 
in the context of a solar eclipse, They were interested 
in knowing the relative depression of the Moon with 
respect to the Sun rather than knowing the separate 
magnitudes with respect to the Moon and Sun, for which 
they had no applieation. | 


ie. In as much 
as the Garbba-Sutra and Drk-Sütra are identical in the 
direotion EAZ (fig. 91) there is no parallax at the zenith. 


Now consider the plane through ZV of fig. 92. Suppose 
the EMS of fig. 91 is in the direction EV. Then both 
the Sun and the Moon may be considered tó have the 
same Vitribha at that moment of conjunction. Both the 
Sun and the Moon being then depressed along ZV, to V/ 
and V” respectively the Eocliptio will then be a 017016 
parallel to VA (fig. 92) through V” and fhe orbit of the 
Moon will be another circle parallel to VA through V”, V” 
being below V’. If we neglect, for a moment, the depres- 
sion of the Sun, and consider VD to be the Keliptic on 
which the Sun is situated undeflected, and BC to be the 
deflected orbit of the Moon relative to the Sun, then VB 
is the Nati of the Moon, which will be the same distance 
between VD and BO, ie. the orbits of the Sun and the 


Moon, 


This fact was proved by us analytically in the modern 
way showing that CD = BV. 


This Nati it is that influences the latitude of the moon, 
which may cause apparent conjunction when there is.no geo- 
Wins | 
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ventric conjunction and which does not show an apparent 
conjunction when there is a geocentric conjunction. In 
other words parallax in latitude plays a very important part 
in solar eclipses. Also © D being the parallax in longitude, 
the moment of apparent conjunction might be preceded or 
followed by a geocentric conjunction according as the Sun 
lies along VA or AV. Thus having determined the exact 
moment of apparent conjunction using tne magnitude of 
©D, then we have to rectify the latitude using the 
magnitude of VB. If that reotified latitude of fj falls 
short of R-+r where R is the angular radius of the Sun and 
r that of the Moon, then there will be a solar eclipse, 


It will be noted that when the Sun coincides with V 
at the moment of conjunction, there is no parallax in 
longitude © D being zero (Fig. 92) in that position. Also 
there will be no parallax in latitude when the Hcliptic 
assumes the position of a vertical circle passing through 
the zenith, the Drik-lambana then being entirely along 
the Keliptic. In this case the Vitribhalagna V will 


d 4HsinVo 
R 


coincide with Z an which is termed the 


Madhyamalambana is now entirely along the Ecliptic and 
as such it is the Sphutalambana in this case, We have said 
above that when V coincides with Z, the Madhyamalambana 
is zero at Z, and that the maximum is equal to 4 nàdis on 
the horizon. In between Z and the horizon it has the formula 
4H sin VO 
NC 
the H cosine of the zenith-distance of V ie. the S'anku of 
V is R, the entire lambana is along the Ecliptio, the nati 
being zero, and the Madhyamalambana is itself the Sphuta- 
lambana, and again when V does not coincide with Z, 
H cos ZV is no longer R but has assumed Koti-Rüpa ie, 
the form.of a H cosine, as well as the Sphuta-lambana 
also, which assumes Koti-Rüpa ie. of the form OD of 
Fig. 92, where 6C is the Madhyamalambana, OD is 


Noting further that in this case when 
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Koti = Sphuta-lambana, and DC = Bhuja = Nati, ib is 
argued that the Sphuta-lambana is proportional to 
H cos ZV, assuming a maximum value when V coincides 
with Z (© not being at Z). 


+ 


Verses 3 and 4. Parallax in longitude based on two 
proportions. | 


Compute the H cosine of ZV, by calculating the 
rising time of AV, the Kujya, Dyujyà and Antya pertain- 
ing to V, as was formulated in the Triprasnadhikara, then 
H sin Vo, multiplied by 4 and divided by R, and again 
multiplied by H. cos ZV and divided by R again gives the 
parallax in longitude. 


Comm. As per the above formula, parallax in longi- 
tude equal to OD of Fig. 92 is equal to 
4 Hsin VO XH oos ZV 
a ee 
of two proportions that the parallax in longitude is 
proportional to Hsin VO as well as H cos ZV. This we 
have already derived through modern methods as formula 
IV, 


This is evidently derived ouf 


Under verse 2. The two proportions are (1) V coin- 
ciding with Z, if by H sin V© equal to R, we have 4 nadis 
as the maximum 1810081018 on the horizon, what shall we 
have by an arbitrary H sin VO? The result is 


4 Hsin VO and (2) V not coinciding with Z, if by 


iHe as the 


Hoos ZV equal to R we have: 
Madhyamalambana, what shall we have for an arbitrary 
H cos ZV? The result is 
दय. ह x H cos ZV as formulated. 

R R 

First half of verse 5. Alternate method of reotifying 
lambana. The Madhjamalambana multiplied by 12 and 
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divided by the Chayakarna of the Vitribha will also give 
the Sphuta-lambana, 


Comm. From Tripragnadhikara, we have 


A = Hoog so that in the formula cited above instead of 


Hoos oY we are asked to use 12/K. 


Latter half of verse 5 and first half of verse 6. 
Drk-nati® = H cos? ZV — Hoos Zo 
"= Hsin? Zo — H sin’ ZV (fig. 92) 
4 Deest = Sphutalambana. 


Comm. We shall first prove this on modern lines. 


Cos Z6 = cos ZV cos ZO 
oos? ZV — cos? ZO = cos’ ZV (1—cos* Vo) 
| g n VO 
— cos? ZV an VO = H cos Hoos d sn Ve sin Vo l 
Also cos! ZV — ०0४ ZO 
. = sin? ZO — sin? ZV = 
H cos? ZV — H co? ZO Hasin!'zo — H sin? ZV 
ian आक ania 
“, Hoos ZV — H cos ZO = H sin! Zo — H sin’ Zv: 
_ H cos’ Zv H sin? VO 


-. Drk-nati defined above = JH cos zv — H oos! ZO 
H cos ZV H siu VO 
R 


4 Drk-nati _ 4 H cos Zv H sin VO 
R. R’ 


sin? ZO — H sin? ZV = 


= Sphutalam bana. 
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Bháskara's proof proceeds in two stages from first 
principles. In the first place when V coincides with Z, 
Lambana is seen to be equal to 4 nadis on the horizon and 
zero at Zie. it is zero when H sin ZO = 0 and 4 nadis, 
a maximum when H sin ZO = R. So, it is meet that 
Lambana should be taken to be proportional to H sin Zo 
ie. proportional to natajya. In this context the lambana 
termed as Madhyamalambana is entirely along the ecliptic. 
It is taken to be in the form of Karna, because in the 
position of OC also if is in the form of a Karna. 


Then let the Ecliptic be deflected from the zenith 
(deflected = faxa).  Vitribhalagna then being deflected 
from the position of Z, occupies the position of V (fig. 92). 
So ZV is called Drk-kshepa since the Ecliptic which was 
in the form of a Drk-mandala is deflected from that posi- 
tion. Also the circle ZV is called Drk-kshepa-mandala 
because V is deflected along that circle. Now consider 
the A whose sides are Hsin ZV, H oos ZV and R. 
H cos ZV equal to Rand as such in the form of a Karna 
corresponds to the Madhyamalambana which is also in the 
form of a Karna; when this Vitribha-S'anku assumed the 
form H cos ZV, ie. rendered a Koti from its form of & 
Karna, R, the Sphutalambana is also rendered a Koti in 
the form of © D so that 


Madhyamalambana _ Sphutalambana 


R H cos ZV 
Sphutalambana = Hogy Madhyamalambana 
Vy 4H sin Ze 


Then Bhaskara says that we could look at. this, from 
another angle in the words “ata स्फुटलम्बनस्य कोटिरूप 
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In fig. 92, H sin ZO is in the form of a Karna; 
H sin ZV is in the form of the corresponding Bhuja. This 
triangle formed by these two as sides may be taken to be 
similar to the triangle ©DC, both being called parallax 
As. This plane triangle ©DC is like the plane triangle 
which has for its sides Hsin a, Hsin 8, where Aand à 
are the longitude and declination of a point of the Ecliptic, 


In the Tripragnadhikara, we had occasion to deal 
with this triangle and there we had R 


sin? à — H sin? 


H cos 8 
: eX NH sın? Zo — Hain? ZV 
sion of the point. Similarly Risen sees 


= Hsin VO. ;In other words Drk-nati is H sin Vo 
projected into a circle of radius H cos ZV from a circle 
of radius R. We have the proportion 

Co _ CD Do 


right 


HsinZO Osinzv “Hsin? zo — Ë sin’ zy 
= DO = Sphutalambana 
‘VH sin? ZO — H sin? ZV 


The quantity under the radical in the denominator 
is called Drk-nati for the following reasons. 


When V coincides with Z, ४७ is the Drk-mandala- 
nata, sb that when V is deflected also, we continue 
to view the Drk-nati placed along ४७. Since Madhyama- 
lambana OO isin the form of a Karna in the A 6 DC, 
we perceive if to be in the form of a Karna even when 
V coincides with Z. This Madhyamalambana being equal 
to Sphutalambana when V coincides with 2, Sphuta- 
lambana is also in the form of a Karna then. Now in the 
position © DC, Sphutalambana has assumed the position 
of a Koti ie. the Sphutalambana which, in the form of a 
Karna, being placed along Drk-mandala 1181311088, iB now 
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rendered a Koti and is placed along V o, So the quantity 
JH sin? ZO — H sin? ZV which is the Koti of the A 
formed by H sin ZO and H sin ZV, corresponds to the 
Koti of Sphuta-lambana © D. So we call 

sin? ZO — Hsin’ ZV as Drk-nati, in as much ‘as the 
Sphutalambana being placed along V© in the form ofa 
Karna when ४७ is Drk-mandala-nata, continues to be 
placed along VO in the deflected position also and 
becomes a Kōti corresponding to the Koti of the triangle 
formed by Hsin Zo and H sin ZV ie. corresponding to 
the quantity ~H sin! zo — Hsin? ZV. The Sphuta- 
lambana should be construed as being associated with 
Drk-mandala-nata which term is now abbreviated to the 
term Drk- nati. 


At A of fig. 92, the Drk-nati = NR — H ain? ZV 
= H cos ZV = H cos ZV = Vitribha-lagna-S'anku, Hence 
the proportion proceeds in accordance with this Drk-nati. 


Verse 6 (latter half) and first half of verse १, 
Alternative method of obtaining parallax in longitude, 


H cos 2) _ = cos zey 
[4 R/4 


or — y) 
Ra ) V Ra 
gives the parallax in longitude expressed in nadis. 

Comm. These formulae just constitude another mode 
of expressing the parallax in longitude and the equivalence 
of the formulae with the formula र Drk-nati is evident. 

Latter half of verse 7. Use of the parallax in 
longitude. : 


The time of the ending moment of New Moon ie. the 
of geocentric eonjunotion is to be rectified by thig 
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parallax in longitude to get the moment of apparent 
conjunction by the method of successive approximation. 


Comm. In as much as the moment of apparent 
conjunction for an observer situated somewhere on the 
surface of the Harth precedes or follows the moment of 
geocentric conjunction being preponed or belated by the 
parallax in longitude, we have got to take this parallax 
in longitude into account and compute the moment of 
apparent conjunction.  This.computation has to proceed 
according to the method of successive approximation since 
the hourly motions of the Sun and the Moon vary as well 
as the parallax in longitude. When the Sun is in advance 
of V, the Sphutalambana advances the Moon more than 
the Sun so that the moment of apparent conjunction is 
past. Hence the correction is negative and vice versa. 


Verses 8 and 9. Computation of the parallax in 
longitude without an appeal to the method of successive 
approximations. 


Let Para = SoH cos ZV; {Para ~ Hsin OL} + 


H cos’? © L = K? Hain f H oos on x fans) n 


parallax in longitude. 


Ref. fig. 95, E, E, is taken to be what is termed Para 


equal to : H cos ZV, H cos ZV being the Vitribha-S'anku. 


Since £ could be written as 


4 x 360 
60 


Hand since 4 ghatis = 


— 94^, 60 ghatis being equivalent to 360°, 


4 H sin 24 
— H ao i नन 
R 8 ZV. R 


moment -H cos ZV has come in the place of H sina 


X H cos ZV, Imagining for a 
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वा त H gina e 


E H cos ZV = Para = the H sine of the declination of 


pertaining to the formula 


that point whose longitude is equal to Vitribha-S'anku, 
In other words Para is termed as the Vitribha-S'anku- 
Rüpa- Krànti- Vrttiya- Bhujajyajanita- Krantijya. 


Now take E, E, = Para defined above. Draw circles 
of equal radii with E, and E, as centres. Call (E) and 
(E, as the Chandra-Kakshamandala and Ravi-Kaksba 


Mandala. Para by its formulation as 4 H cos ZV, is equal 


to the maximum parallax in longitude for a given 

H cos ZV ie. for a given position of V with respect to Z, 

This being so, the parallax in longitude for an arbitrary 

position of © with respect to V will be 

Para x H sin (© —«) 
R 


lation thereof. This form of the formula by its similarity 


according to the previous 


with the formula T H sin m, pertaining to the eccentric- 


circle-theory, suggested to Bhaskara that the parallax in 
longitude could be derived from the theory of the eccen- 
trics or Prati-Vrtta-Bhangi. In fig. 95, it will be noted 
that Hi, Es are not the centre of the Earth and the position 
of the observer on the surface of the Harth but such 


points as E, Es is made equal to 5 H cos ZV or 5 H cos zv 


of the modern figure र. being equal to : , 80 that E, E, 


is of 8 variable magnitude varying with H cos ZV. 
Comm. When H cos ZV — R ie. when V coincides 


with Z, we have the maximum parallax. What then will 
M 


Fig. 95 


be had for an arbitrary H cos ZV? The result 18 


H cos ZV 
3438 
60 05१18 corresponding to 360°. Hence the result ig 


X Hsin 24 since 4 nàdis correspond to 24°, 


H cos ZV X 1397 c . 3438. . 
प e EAE e b SS int 

3488 onverting 1897 into & continued 
fraction we have 2 toe <5 ees ean of which the con- 


vergents are 7, $, 11, 22 and 32 is & very good convergenb 

preceding a large quotient namely 9. So the result may 

13 H eos ZV 
32 


be written 88 which is symbolized 88 


Now parallax in longitude = cam XH sin (0 9). 


When H sin(9 —v) = R, the parallax will be equal to 
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Para. This formula by its similarity with the formula 
pertaining to the eccentrio theory led Bhaskara to use the 
method of eccentric circles to obtain the parallax, It is 


indeed ingenious on his part to have conceived the appli- 
cability of that method. 


Further it is rather curious that 4 nādis of the 
maximum parallax should correspond to 24°. This also 
led Bhaskara to conceive similarity between the formulae 


H sin ò = sna XH in 9e (the formula used to 


obtain the declination हे given the longitude 4 of a point 
of the Ecliptic) and the formula A cos ZV X H ein 94 
= Para. So from an arbitrary H sin 4 equal to Vitribha- 
Sanku, Para is derivable as H sin हे. In other words Para 
is called Vitribha-Sanku Rüpa-Kranti- Vrttiya Bhujajya- 
Janita- Krantijyà. 


Now the doubt arises, namely that when the formula 
Para X H sin ( © —7) 


R resembles 


longitudinal parallax = 


a 
R 
centre, why does Bhaskara suggest that the parallax is 
derivable without the application of the method of succes- 
sive approximations, by appealing to the method S'ighra- 
phala. The doubt is here two fold (1) where is the 
necessity for the method of successive approximation fo 
obtain the parallax, though it be called for, to obtain the 
moment of conjunction? (2) why does Bhaskara appeal 
to Sighrakarma and not Mandaphala, when the formula 
suggests the latter, by the presence of R and there is no 
K at all ? 


the formula = H sin m which pertains to the Equation of 


The answer is as follows. In the first place, even in 
the modern formula for parallax namely «/d sin z, Z is 


the zenith-distance pertaining to the observer and not the 
geocentric zenith-distance, which are respectively called 
prsthiya and garbhiya natamsas. Also the parallax is the 
angle between the geocentric direction of the Moon and 
that .of the observer. (Vide fig. 91 where parallax = 


^ 
EMA). 


In deriving this parallax, we are using the apparent 
zenith-distance of the Moon and not the geocentric zenith- 
distance of the Moon. In fig. 92 the position of © corres- 
ponds to the geocentric position, whereas D corresponds to 
the position of the observer on the surface of the Harth. 
So, as we use the apparent zenith-distance as argument to 
obtain parallax along the vertical, so we have to use, VD 
as the argument to derive the parallax in longitude and not 
Vo, So, the method of suceessive approximations is called 
for as OD is first computed from the argument V© and 
VD is to be made the argument thereafter. This means 
that V© may be construed as Madhyakéndra and VD as 
Sphutakéndra. Now applying this idea to fig. 95, V, E, © 
may be construed as Sphutakéndra whereas Vs Bi © may 
be construed as Madhyakéndra. 


From the similarity of the triangles ONM, and 


ON | OM en = 9M = 
ELM, = EM . ON EM X LM 


as © => हेड (2 
K X K x * H sin KH, © 


N 
where E,M is termed the Karna and KE,O , the Sphuta- 
kéndra is made the argument, Thus parallax in longitude 


which was originally formulated as Para X H sin © —v 


(in which case, the method of successive approximation 


was called for), is now formulated as a X H sin (KH, ©) 


where that method of successive approximation is 
circumvented and where by the presence of K in the place 
of R, analogy is with the eccentric method of formulation 
of Sighraphala and not that of Mandaphala. Also 


K* = EM = BL + ML? = (E,K—LK)? + @K? = 
(E,K —M o y + OK? =(H eos KE o — Para)? 4- 

H sin’ KE, ©, 

But if L be the lagna of the moment Lo = 90 — Vo 


^^ IN 
so that H cos KE,O = Hsin OL and Hsin KELO = 
H cos OL .. K?=(Hsin o L—Para) -+ H cos? OL as 
formulated in the verse. 


Fig. 95 is in the plane of the Heliptic. The parallax 
in the vertical circle is projected on to the plane of the 


Ecliptic by taking i H cos ZV as the Para, and deriving 
the parallax in longitude from this Para. 


Now, the doubt arises as to why the S'ighroccha is 
not taken to coincide with the Vitribha but is taken as 
removed 180° therefrom. 


Verse 10. Hsin zv (of fig. 92) is called the Drk- 
kshepa of the Sun, which is considered to be north in case 
the northern declination of the Vitribha is greater than 
6 the latitude, otherwise south. 


Comm. Let in fig. 96, AV be the Heliptic whereof 
A is the ascendant or Lagna and V the Vitribhalagna, 
Let EQR be the celestial Equator. Let © be the decli- 
nation of the Vitribhalagna. Then if 87 $. then ZV, the 
atc of the the Drk-ksepa, (H sin ZV being defined as the 
Drk-ksepa) as well as H sin ZV are considered to be north. 
Thus in fig. 96, if is north whereas in fig. 97 it is south. 
(In fig. 97, r is shown outside the celestial sphere, signi- 
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fying that r is in the western hemisphere and is brought 
into view for clarity). 


Fig. 96 Fig. 97 


Verse 11 and first half of verse 12. Then the sum 
of ZV and the latitude of V assuming V to be the Moon, 
or the difference of the above two, as the case may be, 
according as both of them are north or of opposite 
directions, gives the arc whose Hsine is the Drk-ksepa 
of the Moon, The Drk-ksepas of the Sun and the Moon 
multiplied respectively by 4th of their daily motions and 
divided by the radius R (equal to 3438’) are the parallaxes 
of the Sun and the Moon in latitude. The sum or 
difference of these parallaxes according as they are of 
opposite or the same direction, is the frue parallax in 
latitude in the context of a solar eclipse. 


Comm. The true parallax in latitude sought above is 
the relative parallax of the Sun and the Moon in latitude. 
Suppose in fig. 92, VB is the parallax in latitude pertain- 
ing to the Sun and VB’ that pertaining to the Moon; then 
BB’ is the relative parallax, the difference being taken in 
this case because both are of the same direction. 


Parallax in latitude namely CD in fig. 92, we saw 


equal to VB which is equal to sin ZV, In other words 
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the parallax in latitude either of the Sun or the Moon is 
equal tok H sin of the zenith-distance of the respective 
Vitribhalagna wherever the Sun or the Moon be situated 
in their orbfts namely the Ecliptic or the Vimandala, Let 
Hsin ZV be the Drk-ksepa of the Sun, V being the 
Vitribhalagna pertaining to the Sun and let Hsin Zo 
be the Drk-ksepa of the Moon where v is the Vitribha- 
lagna of the Moon. (Ref. figures 98 and 99) Let K’ be 
the pole of the Vimandala and vv, the latitude of v. Since 
vand V are in the proximo, the latitude of » may be 
faken to be very nearly equal to the latitude of V so that 
ZV + latitude of V is very nearly equal to Ze. In fig. 98, 
ZV—latitude of V is very nearly equal to Zv because both 
ZV and latitude of V are of the same direction. In fig. 99 
ZV-+ latitude of V is very namely equal to Ze because both 
arc of opposite direction. Thus Zv = ZV + latitude of V 
approximately and H sin ZV and H sin Ze are the Drk- 
ksepas of the Sun and the Moon respectively. Having 
got these Drk-ksepas + x Drk-ksepa gives the nati in 
each case ie. the parallax in latitude and the sum or 
difference of these natis 88 mentioned in the beginning of 
the commentary of this verse gives the relative parallax 
of the Moon with respect to the Sun which is called the 
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true parallax in latitude. This true parallax in latitude 
increases or decreases the latitude of the Moon at the 
moment of conjunction as is going to be mentioned in the 
latter half of verse 14. 


In deriving the parallax in latitude from the respe- 
etive Drk-ksepas, instead of using the formula £ Hsine 


(Drk-ksepa) which is an expression in time, it is sought 
to express the same in arc because the latitude of the Moon 
is expressed in arc and we have to take the sum or differ- 
ence of the latitude and the parallax in latitude to obtain 
the apparent latitude of the Moon at the moment of 
conjunction. In the case of the parallax in longitude we 
sought to express the same in fime because the moment 
of apparent conjunction was sought therefrom. 


Latter half of verse 12 and first half of verse 13. 
An approximate method of obtaining the relative parallax 
in latitude of the Moon with respect to the Sun. 


The Haine of the zenith-distance of the nonagesimal 
pertaining to the Moon or what is called the Moon’s 
Drk-ksepa multiplied by 2 and divided by 141, gives the 
relative parallax in latitude of the Moon with respect to 
the Sun; or working with the smaller table of Hsines 
(where R is taken to be 120) the Moon’s Drk-ksepa being 
multiplied by 2 and divided by 5 and the result being 
increased by goth of itself gives approximately the relative 
parallax in latitude. 


Comm. Herein, the Vitribha or the nonagesimal of 
the Sun is taken to concide with that of the Moon. In 
other words the Drk-ksepas (the Haines of the zenith- 
distances of the nonagesimals, of both the Sun and the 
Moon are taken to be identical, Then using the following 
proportion "If by a Drk-ksepa equal to R, the relative 
parallax in latitude is equal to 7sth of the difference of the 
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daily motions namely 48-46”, what will it be for an 
arbitrary Drk-ksepa ?" We have | 


continued fraction, this will be equal to 


I 1 1 1 


704 IF 12 1073 of which a very approximate convergent 


18 zzz 48 taken by Bhaskara. 


If the radius be taken to be 120, the coefficient of D 


41, 488 19 13 1 11 3 
will be —5 = eee eL T. Se ही. 

ee T20 ASO gà Bae GB 
approximately, 


Latter half of verse 13 and first half of verse 14. 
An easy metbod:to compute the parallax in longitude and 
latitude. 


Taking the Drk-sepa of the Moon as well as the Sun 
fo be the Hsine of the meridian zenith-distance of the 
Vitribha and the H cosine of its meridian zenith-distance 
as the Vitribha-Sanku, the parallaxes in latitude and 
longitude could be got from them respectively. 


Comm. Parallax in longitude is computed from the 
Vitribha-Sanku, whereas parallax in latitude is computed 
from the Drk-ksepa or the Hsine of the zenith-distance 
of the Vitribha, Thus for both the purpose the Vitribha’s 
position is important, whose zenith-distance and altitude 
give respectively the parallax in latitude and longitude, 
Since in practice it is a little cumbrous to obtain the 
Vitribha’s altitude and zenith-distance, an approximate 
procedure is suggested. Obtaining the declination or the 
Sphuta-kranti of the Moon taking him fo coincide with 
the Vitribha by the method described in verse 3 of the 
Graha-cchayadhikara, and using the formula Z+$=4¢, the 
meridian zenith-distance of the Vitribha can be got. This 
thay be assumed to be the Drk-sepa approximately, The 
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complement of the meridian-zenith*distance may be 
assumed to be the Vitribha-S'anku approximately. Then 
the parallaxes in latitude and longitude could be computed 
respectively from the two as described before. 


The following figure gives & particular nomenclature 
that was in the mind of Kamalakara, the author of 
Siddhantatattvaviveka. 


Fig. 99-A 


Latter half of verse 14. The purpose of obtaining 
the parallax in latitude. 
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The apparent latitude of the Moon is equal to the 
algebraic sum of his geocentric latitude and the parallax 
in latitude. From this apparent latitude are to be calcu- 
lated the Sthiti-khanda and Marda-khanda of the solar 
eclipse (by the method described in the chapter on: lunar 
eclipse, taking the eclipsing body or grahaka to be the 
Moon and the eclipsed or Grahya to be the Sun), 


Comm. The geocentric parallax of the Moon has a 
double effect on the occurence of a solar eclipse as men- 
tioned before. If the parallax be resolved along the 
Ecliptic and along a secondary to the Ecliptic, we have 
respectively the parallax in longitude and that in latitude. 
The parallax in longitude makes the apparent moment of 
conjunction at a given place, differ from the moment of 
the geocentric conjunction, whereas the parallax in latitude 
makes the magnitude of apparent latitude of the Moon at 
the place of observation differ from that of the geocentric. 
The apparent latitude is equal to the sum or difference 
of the geocentric latitude and the parallax in latitude. 
Having got the apparent latitude, the computation of the 
Sthiti and Marda-khandas could be done according to the 
method described in the chapter on lunar eclipse. 


For a point C on the surface of the Earth, a solar 
eclipse occurs if the latitude of the Moon be less than MD 


Fig. 100 
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(vide fig. 100) where M 18 the centre of the Moon and MD 
the latitude of the Moon at the point of first contact 


^^ 
MD =MB + BD =m + BED where m is the semi- 
diameter of the Moon’s disc. But 


A ^ ^ ^^ ^ 
BED = BEA + AES = OBE — CAE + AES = P — p +s 
where P and p are the parallaxes of the Moon and the Sun 
and s the angular semi-diameter of the Sun. Thus in 
order that a solar eclipse may be possible for some point 
of the Earth, the latitude of the Moon at the moment of 
conjunction must be less than P-+s-+m—p 
= 5V + 16/ + 15/ = 89 approximately. The lesser the 
northern latitude of the Moon at the moment of conjun- 
ction, more places situated on the surface of the Harth 
between © and F will have solar eclipse where F is the 
sub-solar point ie. the point of the Harth which has the 
Sun in the zenith at the time of conjunction, Similarly, 
if the southern latitude of the Moon is less than 89/ at the 
moment of conjunction the places situated on the Harth 
between Gand F will have solar eclipse. In particular 
the sub-solar point F will have solar eclipse if the latitude 
of the Moon at the moment of conjunction is less than 
HD ie. less than s-++m ie. 33’ approximately. The sub- 
solar point will have no parallax, so that the terms P and p 
in P+s-+-m—p vanish. For the other points ie. points 
between F and C or G parallax will be there and the 
latitude may be greater than s -- m bui less than 


"ep to have an eclipse. A latitude of 39' corres- 
f l 38 X 15 — 99 1° 
onds to a distance of = —7— of S 
p | 70 l4 id of the Sun 
with respect to a node. Thus if at the moment of conjun- 
ction, the latitude of the Moon be less than 7°, even the 
sub-solar point must have an eclipse, 


Verses.15, 16, 17. To find Sparsakila, Moksakala, 
Sammilanakala and Unmilanakala. 
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First compute the time called Sthiti-khanda (as 
mentioned in the chapter on lunar eclipses). The ending 
moment of local Amavasya or what is called the moment 
of local conjunction is known as the Madhya-Grahakdla 
or the moment of the middle of the eclipse. Subtract the 
Sthiti-khanda from the computed time of Geocentric 
conjunction ; the result will be the approximate Sparsa- 
kala, This has to be rectified for parallax in longitude 
as well as the approximate Madhyagrahakala of geocentric 
conjunction to obtain the local Sparsakala and the local 
Madhyagrahakala ; Similarly the Moksakala, the Sammi- 
lana and the Un-milanakalas are to be rectified for 
parallax in longitude. But while effecting this correction 
for the parallax in longitude, the Moon’s latitude also 
differs for the corrected time which in turn effects the 
durations of Sthiti-khanda, Moksa-khanda etc. Correcting 
the first computed Sthiti-khanda. Moksa-khanda eto. for 
this variation in the latitude, and subtracting the Sthiti- 
khanda from the time of Madhya-graha, we have a better 
approximation for the Spargakala. In as much as parallax 
in longitude, that in latitude, and the Moon’s latitude vary 
from time to time, and the times of Sparsa, Madhyagraha 
etc. are effected by them, the process of computation 
proceeds by the method of successive approximation. 
Subtracting the rectified Marda-khanda from the rectified 
Madhyagrahakala, we have the true Sammilanak4la; 
similarly adding the former to the latter we have the true 
Un-milanakala. 


. If, as mentioned before in verse 9, the parallax in 
longitude is found without using the method of successive 
approximation, the Sparsa-kals and the Moksa-kala are 
had at once. But the latitude of the Moon and the parallax 
in latitude are to be computed using the then longitudes 
of the Moon and the non-agesimal. 


Comm. Clear. 
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Verses 18, 19. To obtain the true values of the Bhuja 
and the Jstakala. 


The remaining work proceeds on the lines indicated 
in the chapter on ‘lunar eclipses’ (ie. the computation of 
the Bimbavalana, Bhuja, Koti and the like is to be done 
as indicated there). The Bhuja will be rectified by multi- 
plying it by the Sthiti-khanda obtained by adopting the 
latitude of the Moon effected by parallax in latitude and 
divided by the Sthiti-khanda rectified for parallax in 
longitude. Similarly given the grasa ie, the magnitude 
of the eclipse, the result found before by verse 15 in the 
chapter of lunar eclipses, is to be multiplied by the Sthiti- 
khanda rectified for parallax in longitude and divided by 
that obtained adopting the latitude of the Moon effected 
by parallax in latitude, and the result so obtained being 
subtracted from the Sthiti-khanda, we get the Ista-kala. 


Comm. Refer fig. 73. The Sthitikhanda is the time 
taken by the centre of the eclipsing body to go from OC, to 
N relative to the eclipsed body, ie. keeping the eclipsed 
body fixed. The Bhuja at any intermediate point of time 
between the moment of first contact and the ‘middle of 
the eclipse is NC of fig. 73; and the Istakala is the time 
elapsed between the moment of first contact to the 
moment when the centre of the eclipsing body occupies 
any arbitrary position C, In the context of the lunar 
eclipse, the Bhuja was calculated by the formula (T—I) 
(m:—s:) where T is the Sthiti-khanda, I = Istakala, m, 
and 8: the motions of the Moon and the Sun on the day 
concerned. This Bhuja may be also expressed in the form 
¥(R-+7—g)*— B® where R, r are the radii of the eclipsing 
and eclipsed bodies, of the grasa and 8 the latitude of the 
Moon at the middle of the eclipse. Given the grasa G, 
the formula to find I the Istakala, is 

9-8 
m,— 8, 
solar eclipse, 6, the latitude of the Moon is effected by the 


In the present context of the 
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parallax in latitude, so that if is à variable. We are to 
make a correction for this variability, both in the com. 
putation of Sthiti-khanda, Bhuja and Ista kala, The 


8 pa 
ss deat: for tis Ub E REA where 8 
1 


is the latitude of the Moon at the moment of conjunction. 
The value of MN at the moment of conjunction will not 
be equal to its value at any intermediate point because 
parallax in latitude differs from position to position of the 
Moon. In other words £ is variable. The formulae given 
for the rectification of the Bhuja B or the Istakala I are 
B= BST and rr o YRcr-g—B T 

T 70.1778, T 

T" is the Sthiti-khanda rectified for the variability of p 
B’ is the Bhuja rectified for the same whereas T and B are 
the values of the Sthiti-khanda and Bhuja computed 
taking the effect of parallax in longitude above. 


The effect of parallax in longitude is to prepone or 
postpone the moment of first contact as well as that of 
conjunction. The verse under commentary uses two terms 
Sphuta-Sthiti-khanda and Sphuteshuja-Sthiti-khanda. 
The former is the Sthiti-khanda rectified for parallax in 
longitude whereas the latter is that rectified for parallax 
in latitude ie. by adopting /J instead of fj in the formula 


VR+r°— p where p! = B + effect of parallax in latitude. 


Mi——8, 


Suppose on account of parallax in longitude the 
moment of first contact tı becomes ¢,+6¢,, and let the 
moment of conjunction ty become हे, Then the 
Sthitikhanda unrectified for parallax in longitude will 
be (ta—tı) whereas that rectified for parallax will be (f, —¢,) 
+ (8८-7७). This rectified Sthitikhanda is oalled 
Sphuta-Sthiti-khanda. Now the verse under commentary 
gives a procedure to rectify the Bhuja, and Istakala in the 
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wake of B being effected by parallax in longitude. 


formula for Bhuja 18 VRAT -9° — D. wherein all quantities 
Mi) 8i 

except B may be taken to be constant. Suppose B effected 

by parallax be comes 8’. If 8 > 8, Bhuja will decrease ; 


2 
also the Sthiti-khanda whose formula is EDEN 
decreases if B’/> B. Hence if T’ be the new value of T 
the Sthiti-khanda, T' < T. In other words when Q > 8 
B'«Band T'« T. Also if p' « 8 both B’ and T’ will 
be greater than Band T respectively. Hence as a rough 
measure Band T are taken to vary together positively or 
negatively and as such proportionally. Though both 
inorease or both decrease together, strictly speaking the 
concept of proportionality is there; but roughly speaking 
they are taken to vary proportionally which means 


ET 8 fact that proportionality is not there 


could be seen in two ways. B=(T—T)(m—s:) (1) with 
usual notation so that taking B and T to vary on account 
of the variation in 8, OB = OT (m-—-s,), I not varying so 
that B+ 6B = B’ = (T+T) (m—5) —I (m —s:) = 
T" (m —$1) —I (m. — 81) = (T' —I) (mi—s:) (9). 


Dividing (1) by (2) B/B’ = Es which will be 
approximately equal to T/T’ provided I is very small 
compared with T. Assuming so, B/B, could be taken to 
be equal £o T/T, which means B’ = B A T 
in the verse. Or again, considering the formulae for B 
and T and differentiating them with respect to D and 
getting B’ and T’, we shall have the following working 


शि 
ag mentioned 


— —g so that 2 BOB = 


wom $1 
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or BB = .— p 8 ; similarly T? = (Rr 80 that 


B (m, MA TAE 
aT $T = "28608 so that OT = गृ Bop 
= ' (Mm, -8,) 
= B+8B = BBW and T= 
B (m,—8,) 
T. 


Tim, —8:) 
BY _ BBB y Tims) 


T: (m; —s1) iia 


B! B 
TT 


Regarding the finding of Istakala when g the grasa 
is given, we have the formula 
up B 4 ( R4-r-g) B 


t ze 
"T 2i so that putting T—I=¢ 


.. As 8 increases £ decreases so that 


T’—t increases ie. I increases. Whereas as f increases T 
decreases, This means ina way that as T decreases. I 
increases so that I is taken to be inversely proportional 


, T \ 
to T ie, I’ is taken to be IxT aB given, 


me 


Here also, it could be seen that the inverse propor- 
tionality is not strictly there; for Ê increasing both ¢ and 
T decrease so that T —7 ie. I will increase only if the 
decrease in ¢ is greater that in T. But ¢* 
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and T? (Rr) TB so that 


Thus we see that as f increases both ¢ and T decrease 
on account of the minus signs in 6780१ OT. Also if I 


were to increase, IC, should be greater than 
1 1 


T (ms ie. = must be greater than T le 

T should be greater than ¢ and this is so. Hence as 
B increases ¢ and T decrease but T — increases ie. as T 
decreases T'—£ increases ie. I increases, So, roughly I is 
taken to be inversely proportional to T so that I^ = UT 


If strict inverse proportionality is there, since, 


and T + òT = T = T — neip and therefore 


ot "T 068 _ ¢ a 
T RE B m jb ei eae 


{i- I ren {™ ma 781) 


# must be roughly equal to T* which means T — t = 
must te small. In other words the formula of the verse 
holds good only for small T's or 1818175188, 


In fact this process of rectification of the Bhuja was 
first given by Brahmagupta in verses 18 and 19 of Sūrya- 
grabapadhikara and accepted by Sripati in verse 14 
The verse 19 under Lunar eclipses in the Strya- 
siddhanta also seems to indicate this process but uses the 
words Madhya-Sthiti-khanda and Spasta-Sthiti-khanda in 
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an ambiguous sense, Ranganatha in his commentary 
takes the Madhya-Sthiti-khanda to mean that rectified 
for variation ia 6, and Spasta Sthiti-khanda to mean that 
rectified for parallax. Some modern traditional commen- 
tators, for example pandit Sitha Ramajha commenting on 
the verse of the Stryasiddhanta and the commentator of 
the verses of Brahma Sphutasiddhànta published ander 
the editorship of Acharya Rama Swarupa Sharma, have 
ignored the variation in 6 and confined themselves only 
to the effect of parallax in longitude. 


Yet one more proof could be adduced in this behalf. 
Let D, be the moment of geocentric conjunction, ¢ the 
time for a given grasa in between D and T the moment of 
first geocentric contact. Then the times D, and T are 
to be corrected both for parallax in longitude and that 
in latitude. Take the geocentric Sthiti-khanda, and 
geocentric Bhuja as the mean-values T and B and those 
corrected first for parallax in longitude 83 the True values 
T/ and B’. Also take the time ¢ corrected for parallax in 
longitude to be #!. We could write T OT, Y —-t=6t 
and B/—B=6B. In the above, consider B expressed in 
time. Then D—T=S the mean Sthiti-khanda, D—t=B 
the mean Bhuja, D’ —T' —S/, the true Sthiti-khanda recti- 
fied for parallax in longitude, D’ —#= B/ the Bhuja also 
rectified for the same. The 8862-06 0009 OT. 
Then using the proportion “ 1f for D —T we have òD -òT 
as the variation what shall we have for D —£?" The result 


D—T 


'—T/).. Mean Bhuja X True Sthiti-khanda 
Mean Sthiti-khanda 
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In other words to obtain the Bhuja rectified for 
parallax in longitude, we have to multiply the mean Bhuja 
by the Sthiti-khanda rectified for parallax and divide by 
the Mean Sthiti-khanda. Similarly to obtain the Sthiti- 
khanda rectified for the variation in latitude also, take 
the Sthiti khanda rectified for parallax as the mean and 
that rectified for variation in f as the True and then by 
the same procedure, Bhuja rectified for parallax in latitude 
will be equal to Sthiti-khanda rectified for parallax in 
latitude multiplied by the Bhuja rectified for parallax in 
longitude divided by the Sthiti-khanda rectified for parallax 
in longitude Bhaskara gives the names Spbuta Sthiti- 
khanda and Spbuta S'araja.Sthiti-kbanda to the Sthiti- 
khanda rectified for parallax in longitude and that rectified 
further for parallax in latitude. The proof adduced above 
accords with the statements of Brahmagupta, Sripati and 
Bhàskara; Ringanatha bearing in mind Bhaskara’s 
version puts a correct interpretation on verse 19, Lunar 
eclipses of Süryasiddbànta. But the usage of the words 
Madhya and Spbuta in that verse, misled the modern 
traditional scholars including Burgess. If is to be men- 
tioned here that tte word Koti translated as perpendicular 
by Burgess is misinterpret-d by him (see bia commentary 
under verse 19, lunar eclipses) as ‘The perpendicular is 
furnished us in time and the rule supposes it to be stated 
in the form of the interval between the given moment and 
that of contact or separation’. This translation goes 
against the definition of Koti contained in verse 18 just 
above, since the Koti of Siryasiddhanta is the Bhuja of 
Bhaskara and vice versa. 


We shall now see why there'arose confusion in the 
minds of many modern commentators inoluding Burgess. 
The problem mooted by the Stryasiddhanta in calling for 
a rectification of the Koti, is to be noted as that when the 
grasa g is given and not the Istakala I. The two formulae 
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for Koti are Rtr 00 nd (T -I) (u—v). When I 


is given we have to use the latter formula and take T” in 
the place of T where T, T/ and T” are respectively the 
Sthityardhas (1) Mean, (2) Mean reotified for parallax in 
latitude and (3) Mean rectified for parallax in longitude. 
Of course here to arriveat T”, method of successive 
approximation is to be used as f goes on changing from 
fime to time and there is an inter-play between the 
simultaneous effects of parallax in longitude and that in 
latitude, 


On the other hand when g is given we have to use the 
former formula for the Koti and the Koti thus obtained 
is to be rectified for the variation in f. So Stiryasiddhanta 
proposes fhe formula 


JRE LPT 

t —7 L” 
for the variation in # is more important because the 
formula is in terms of Ê and not the other formula. This 
formulation is approximate but adopted for the sake of 
ease. Otherwise from the grasa, I is to be obtained and 
the other formula could be used which method is more 
laborious. 


meaning thereby that the correction 


Bhaskira's Correction of Brahmagupta's Statement 


Verses 1, 2 £ 3. The statement of Brahmagupta 
namely that the arc of the Moon’s Drk-ksepa will be 
obtained by the sum or difference of that of the Sun with 
the latitude of the Vitribha, I (Bhaskara) do not accept 
I shall give the reason why. In a place where the 
latitude is 24°. when the longitudes of the Sun, the Moon. 
and the Node are all 180°, at the time of Sun-rise, the 
ecliptic occupies the position of the prime-vertical. The 
Moon will not leave the ecliptic even though depressed by 
parallax in longitude. Thus there is no parallax in 


446 


latitude.. The Vitribha then being in the zenith, and its 

latitude being 44°, the Drk-kseps of the Moon according 

to Brahmagupta’s formula will be 41^ and therefore the 

parallax in latitude obtained by the Drk ksepa will be 

190-88 |, Hsin 480 _ 52-42 270 _ 47-8० which is not 
15 3438 9438 

the case actually. 


Comm, Having thus shown the flaw in Brahma- 
gupta’s approximate formula, Bbaskara proceeds to show 
how that formula could be justified in a particular way. 
Brahmagupta assumed the Moon's orbit to be the ecliptic 
because at the moment of an eclipse, the latitude of the 
Moon is very small so that he might be taken to be on the 
ecliptic. In figure 101 let the Ecliptic coincide with the 
prime-vertical ZE. Let EV be the Moon's orbit where 
V is the Vitribha of the Moon’s orbit. The arc of the 
Sun’s Drk-ksepa is here zero and that of the Moon’s 
Drk-ksepa is ZV which is the sum of the arc of the Sun's 
Dtk ksepa namely zero and the latitule of the Moon’s 
Vitribha namely ZV, since the pole of the ecliptio now 
coincides with the south point S, which means that ZV is 
the latitude of V. 


.. Let VV’ be the nati which is equal to AB, since V/A 
is the so-called Viksepa Sadrsamandala or the defleoted 
position of VE on account of parallax in latitude. The 
four minutes of parallax in latitude is now VV/=AB. This 
parallax is obtained because, Bhaskara argues, the nati 
obtained by Brahmagupta is there because he took VE to 
be the Ecliptic and so obtained that nati with respect to 
VE. .Now, Bhaskara says, this is to be corrected by the 
difference of the Moon’s latitudes the Original one and: 
that obtained after'the Moon is deflected by the parallax 
in longitude. This difference is 0—AB=BA. Correcting 
AB with BA, the result 18 AB-+BA=0 so that ultimately 
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there is no parallax in latitude ie. no nati at all, as should 
be the case. 


Fig. 101 Fig. 102 


Or, Bhaskara’s argument could be better illustrated 
from figure 102. Let VS be the ecliptic where V is the 
Sun’s Vitribha and S, tbe Sun. Let V/M be the Moon's 
orbit called Viksepamandala where V’ is taken to be the 
Moon’s Vitribha and M the Moon. Let S’, M’ be the 
deflected positions of the Sun and the Moon on account of 
parallax. ZV/=ZV--VV/ = the are of the Sun’s Drk- 
ksepa -+ the latitude at the point V called Vitribhalagna— 
Bana, as formulated by Brahmagupta that ZV’ is roughly 
equal to the Moon's Drk-ksepa-Dhanus. (Strictly speaking 
ZV’ ought to be perpendicular to the Moon's orbit V/M, 
if V/ were to be the Vitribha of the Moon; but, as the 
latitude is small, the error is negligible). Let LS’ and 
L/M' be the so-called Krànti-Sasdrsa-mandala and Viksepa 
Sadrsamandala or parallel drawn to the ecliptic and the 
Moon's orbit through the deflected positions $’ and M’ of 
the Sun and the Moon. S'n is the Sun’s parallax in latitude 

sie. Nati. Similarly Brahmagupta took M’n’ to be the 
nati of the Moon as stated by Bhaskara. The error com- 
mitted will be therefore M’n’/—S/n = (M/a’+2/n’)— 
(S'z-l-zn) — Mz! ^ zn) cancelling g'n! and S'n which are 
roughly equal. Also zn could be roughly taken to be equal 
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to MS. Hence the relative parallax is equal to Miz! —MS= 
Difference of the latitudes of the Moon in his original 
and deflected positions respectively. Hence 

S/n —M!n! —(Mis! —M8) = Brahmagupta's nati-+correction 
of the difference of the latitudes reversely effected, as 
stated by Bhaskara, 


In fact, Bhaskara has misread Brahmagupta’s correct 
procedure, since the latter sought the relative parallax of 
the Sun and the Moon. 


Instead of adding the latitude at V to the zenith- 
distance of V (the are of the Sun's Drk-ksepa) which 
implies additional computation of that latitude, as an 
approximate procedure, MS is added to ZV to get Z V! as 
an alternate procedure as mentioned by Bhaskara in the 
course of the commentary. 


Whereas Brahmagupta was seeking relative parallax, 
Bhaskara misread that Brahmagupta took M'n’ as the nati 
and did not effect the correction of (M/z—MS) to obtain 
S'n, which Bhaskara took to be the Sphuta-nati. Not 
effecting the above correction is interpreted as neglecting 
it since the Moon's latitude during the course of an eclipse 
is small. 


GRAHACCHAYADHIKARA 


Verse 1. The orbital inclinations of the planets, 


The inclinations of the orbits of Mars, Mercury, 
‘Jupiter, Venus and Saturn to the ecliptic are respectively 
110, 152, 76, 186 and 130 minutes of arc. The nodes of 
Venus and Mercury get rectified by adding their respective 
Sighra anomalies to their values obtained originally. 


Comm, The values given above are said to be the 
mean values. Those given for the superior planets namely 
Mars, Jupiter and Saturn approximately accord with their 
modern values. Bhaskara says that these values pertain 
to that moment of observation, when the S'ighra anomaly 
is equal to 90+4 Hsin ‘a where a is Heine of the 
maximum Sighraphala. This is quite in order because 
when the S'ighra anomaly assumes the said value, the true 
planet is at the point of intersection of the deferent and 
the eccentric, which means that the planet is equidistant 
from E, as well as E, (vide fig. 103). Identifying E, to 
be the earth's centre and E, to be that of the Sun in the 
case of the superior planets, the mean latitude of the 
planet observed will be the same as that observed either 
from the earth or from the Sun. Hence in the case of 
the superior planets, the maximum latitudes of the planets 
observed accord with the geocentric as well as heliocentrio 
observation. These are taken to be the mean values of 
fhe maximum latitudes. 


In the case of the inferior planets, it will be clear why 
the modern values of 7° and 3?-24' for Mercury and Venus 
are far higher than the Hindu values namely 152’ and 
136’. Since the mean planet in this case is taken to be 
the Sun, the linear values of the latitude observed from 
E and 8, the centres of the Earth and the Sun respectively 
Will be in the ratio SP/ES (vide fig. 104). 


Fig, 103 Fig. 104 


In the case of Mercury this ratio is and that in 


9 
the case of Venus is Is. Hence the values as and 


i T je. 168' and 14% roughly accord with the Hindu 


values, 1n other words the Hindu values are geocentric 
and the modern heliocentric. 


Bhaskara adds that the nodes of Mercury and Venus 
as computed previously are to be increased by the Sighra 
anomaly to obtain the actual longitude of the node from 
which the latitude is to be computed. This directive is 
a beautiful example to show implied heliocentric motion. 
Let the convex angle ASN be the heliocentric longitude 
of the node measured negatively as the node has a negative 
motion along the ecliptic. Adding the heliocentric Sighra 
anomaly to this longitude of the node means convex 


^ ^ ^ ^ ^ 
angle ASN+-USP=360°+NSP~ASU=NSP—ASU. Now 


^ ^ 
add the longitude of the planet ie. here ASU (=AES) to 
Obtain the argument from which the latitude of P the. 
planet is to be computed. The result is NSP as should be, 
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Computing the latitude as indicated in the next verse, 
by the formula H sin NSP X; NSPX6XR where f is the maximum 
RXR 
latitude cited above in the respective cases, multiplied by 
Land divided by K indicates that the linear magnitude 
of the latitude will be increased or decreased according as 
K is smaller or greater than R. 


Fig. 105 Fig. 106 


(a) In this context, we are to throw light on some 

moot points. Bbāskara says “ मन्दस्फटो ग्रहः स्वशीघप्रतिमण्डले 
’, which tantamounts fio saying 

that the node is situated in the heliocentric orbit “स्वश घ्रप्र- 
तिमण्डल ”, The Vimandala or the planet's orbit, taking 
for example the inner orbit of P in fig. 105, does not 
exactly lie in the plane of the ecliptic as shown in that 
figure but is in an inclined position cutting the coplanar 
inner orbit in N and N’, as shown by the ellipse NPN’ 
where NP=NP’. The argument to calculate the latitude 


is NP’ and the formula is aa X £ to give ths helio- 
centric linear latitude. To obtain its geocentric linear 
R | 


value, we have to multiply by 
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(b) In the case of the superior planets, Bhaskara 
mentions in the Goladhyaya ‘‘ पातो$थवा शोध मल fau 
कृत्वा स्फुटात्‌ तेन युतात शरो5तः '' verse 22 (Golabandhadhikara). 
This also clearly indicates that the orbits ot the superior 
planets are also heliocentric, for, otherwise, there is no 
purpose of subtracting the S'ighraphala from the True 
position of the planet. The purpose in doing so is to 
obtain the heliocentric longitude of the planet (vide 
fig. 106). 


True geocentric longitude of J is A/EJ —ASJ', 


Subtracting the S'ighraphala EJS=JHJ! from ASJ’, 


AN 
we have ASJ the heliocentric longitude. Adding the 
retrograde longitude of N (तेम gaa, as cited above in 


^^ ^N 
verse 22) means adding ASN to ASJ which gives NSJ. 
This is the argument to calculate the latitude of J. 


(c) Bhaskara alludes to a confusion in the mind of 
Chaturvedacharya in this context while commenting upon 
verses 23, 24 in Golabandhadhikara (Goladhyaya). Chatur- 
vedacharya commenting on Brahmagupta's words (verse 10 
Grahayukti-adikara ch. 9, Brahma Sphutasiddbanta) 
exclaims. ‘* The latitude of Mercury and Venus will be the 
same as what they are at the point of Sighroccha ; correot- 
ness 01 the result alone is proof; no other reason could be 
adduced !’’ Bhaskara clears his misconception in the 
following words. ‘ The number of sidereal revolutions of 
the nodes of Mercury and Venus mentioned in the chapter 
‘On mean motion, are to be increased by the number of the 
sidereal revolutions of the 9801000088 of Mercury and 
Venus, as mentioned by Madhava in his work “ Siddhanta- 
chudámani". This means that the S'ighra anomaly is to 
be added to the position of the node obtained by the smaller 
number of revolutions given in the chapter on mean 
motion. 
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The misconception in the mind of Chaturvedacharya 
as well as the wrong notion in the minds of Madhava and 
even Bhaskara in construing that the number of revolu- 
tions of the nodes are to be increased by the number of 
revolutions of the Sighrocchas, are due to the fast that 
it was overlooked that the position of S'ighrooebas with 
respect to Mercury and Venus are given by their helio- 
centric longitudes. In other words as is mentioned by 
the verse “ ज्ञशुक्रयो: ग्रहः सूर्यः भवेत्ती शीघनामको ” the Sighroc- 
chas of Mercury and Venus are no other than the helio- 
centri? positions of those planets. Thus the exclamation 
of Obaturvedàcharya cited above arose out of thinking 
that the Sighrocchas differ from the planets, whereas they 
are the same heliocentrically, though they differ geocentri- 
cally. Heliocentrieally the planets longitude is (vide fig. 


^ 

105) ASP which is equal to A/EP' geocentrically. The 
geocentric longitude of the planet is on the other hand 
A!EP differing from tbe above, though both the helio- 
centric and geocentric longitudes point to the same planet. 
Bhaskara, no doubt, gave a correct procedure but missed 
to identify the S'ighroecha and the heliocentric position 
of the planet. In this context, the reader is referred to 
the author's ‘ peculiar concept of Sighroccha in Hindu 
astronomy published in the journal of Oriental Research 
of the 8. V. University Vol. XIV, Part 2, Dec. 1971. 


Verse 2, The Hsine of the aro of the planet’s orbit 
Vimandala intercepted between the nearer node and the 
planet multiplied by the maximum latitude of the planet 
cited, and divided by the S'ighrakarna gives the latitude 
of the planet at the given place. 


Comm. From the formula akin to that which gives 
the declination of a point on the ecliptic namely sin § = 


gin Asin w or in the Hindu form H sin हेन Em iene 


H sin a H sin 4 

R 
4 the maximum latitude and 4 the arc of the planetary 
orbit intercepted between the nearer node and the planet, 
Since'8 and 7 are small H sin 8 and H sin ¢ could be taken 
i X Hsin å 
R 
this value is had at the distance of the Sighrakarna, its 
value at a distance of R should be given by 


8 = Hind Ro E as formulated. 


H sin 8 = Where 8 is the latitude required, 


to be 8 and 1, Hence we have b= Since 


3. R®--H sin?» is called Yasti where v is 
Ayanavalana, The latitude of the planet multiplied by 
Yasti and divided by R or multiplied by H cos हे where § 
is the declination of the point whose longitude is 90+, 
A being that of the planet and divided by R gives the value 
of the rectified latitude which could be added to the 
declination of the foot of the latitude to give what we say 
the modern declination of the planet. 
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` Comm, Let rM (fig. 107) be the ecliptic and rN the 
celestial equator whose poles are K and P respectively. 
Let R bea celestia! body whose latitude is f and whose 
modern declination is RL. Let M be the foot of the 
latitude circle and let हे. be tbe declination of M.' The 
word Kranti in Hindu astronomy is applied to connote 
the declination of a point on the ecliptic alone and not of 
any other point like R. RL is called Sphuta Kranti which 
is equal to R/(N=R/M+MN. RM is called Vikszpa and 


Sphuta Viksépa. KMP is called the Ayanavalana at 
the point M of the ecliptic, Produce MP to P’ where 


NN 
PP/— so that MK=MP=90°. Hence F' is-a Tight: angle 


AN 
and KP/=KMP/=v=Ayanavalana, From the spherical 
triangle KPP/, cos e = cos v cos 0. Draw perpendicular 
RR/ on MP so that MR/— /-—Sphuta Viks&pa — f cos v 


R But H cos v — 


i s INE which is to be added to हे to obtain 
the Sphutakranti R/N or RL, the modern declination. 


Note (1) One Mukhopadhyays, in his thesis ' The 
Hindu naksatras’ submitted to the Caloutta University, 
mistook RM’ to be the Sphutaviksépa instead of R/M and 
hastily remarked that Bhaskara was wrong in making RM/ 
less than RM. 


^Y 
Note (2) v shown in the fig. 107, is called Sthaniya- 
valana or valana at the point M which is considered to be 


^ 
place of the planet 'Sthàna' on the ecliptic. KRA, on 
the other hand is called Bimbiya-valana or valana at the 
bimba or disc of the planet. 


^^ 
Note (3) v could be obtained from the spherical 
triangle KMP where KM=90°, PM=90-9, using the 
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formula cos o = sin (90-8) cos v or in the Hindu form 


R H cos o p H cos e 


. In this case $! = 
H cos à P H cos 


H cos v = 


\ AN 

Or again noting that MKP=90—a where a is the 
longitude of R, we could use ‘Inner side Inner angle 
formula’ with respect to the triangle KMP, which gives 
cot w 
cos A 
or tan v = cos å tan œ. But this formula implies the 
tangent functions which were not used by the Hindu 
astronomers. 


= gin 90 cot हे —sin (90 —a) cot v or cot v = 


Similarly using the elements 9)—4, 90°, v, and 90—® 
of tho same triangle KMP, another formula could be got 


for v. Or again noting that KPM =90+-a, we could yet 
get more formulae where & is the Right ascention of M. 


Note (4) Thus far we have used modern formulae. 

Let us now see as to how Bhiskara derives his formula. 

He takes the triangle MKP’ (fig. 107) wherein MK=90°, 
^^ 


‘=v and P/—90. From fig. 108, the Hsine of MK is 


Fig. 108 


KO equal to R where *O' is the centre of the sphere and 
the Hsine of KP is KN so that it is the Ayanavalanajya, 
Hence 
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is the centre of the sphere and the Hsine of KP is KN so 
that it is the Ayanavalanajya. Hence 
"COK'-EN' .. ON= Yasti=\/R?—Ayanavalanaiya 
= Ayanavalanakotijya. From the similarity of the 
triangles OKN and GRF, i 
OK _ GR ~ GF = GRXON _ H sin MR x Yasti 
ON GF OK R 


GR could be taken equal to MR, the latter being 
small and GF could be taken to be equal to GR’ ie. 
H sin MR’ and so equal to MR’. 

MR! = MR MA Yagti 


Adding MR’ to the declination of M, we get the 
modern declination of R’ ie, the Sphutakranti of R. 


Note (5) In fact the spherical triangle MKP ig 
just like the spherical triangle rE? (fig.). In the place 
of the paramakranti Ei, we have the Ayanavalana KP 
(fig. 108), and in the place of Dyujya रण (fig. 19) we have 
Yasti. 


Note (6) An alternative is given in the verse for 


this namely MR = Me mU where ©’ is the 


nation of a point whose longitude is 90-4. In 
words we have to prove that H cos v = H cos 9! or v हे 
(of a point whose longitude is 904-3. Since declination 
is given by the formula H sin ò = H He X sn 7 
H cos AXH sin w 

R 
sin v _ sin 90—4 __ 0084 
sino sin9Q—5 008d 


Putting 90+-a for a, H sin 8! = 


But from triangle MKP, 
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H sin oXH cosa’ 
Bin o = 9B 9 908 4 oH ain o = "POSER II 
cos ® 008 8 


Comparing I and II, v would be equal to à! provided 
H cos =R. This is accepted as an approximation, as 
© is generally small, 


This approximate formula is given by Suryasiddhanta 
in the context of Ayana Drk-karma in verse 10, ch. 7, 
where v is assumed to be equal to ©’ defined above. 


Verses 4 and 6, The process called Ayana Drk-karma 


The Ayana Drk-karma correction measured in minutes 
is obtained by multiplying Ayanavalana by the unrectified 
celestial latitude, and divided by Hcos@ and then 
multiplied by 1800 and divided by the rising time of the 
Ragi which is occupied by the planet. Or again it is 
obtained approximately by the product of the Ayana- 
valana and the unrectified celestial latitude divided by the 
Yasti. 


This Ayana Drk-karma correction is negative if the 
hemisphere and the latitude have the same direction. 


On symbols, Ayana Drk-karma correction = 
Ayanavalana x 8X1800 
H cos XT 
BX Ayanavalana 
Yastı (=H cos v) ` 


or approximately equal to 


Comm. Let G be the position of the planet when the 
foot of the planet’s secondary (called Grahasthana) to the 
Ecliptic namely A is rising, where rCA is the Ecliptio. 
Let rML be the celestial Equator. Let P and K be the 
poles of the celestial Equator and Ecliptic respectively. 
The aro AC of the Ecliptic intercepted between A and the 
declination circle of G expressed in minutes represents the 
आयनकला: formulated in the verse. To find the magnitude 
of AC, the first formula mentioned above envisages finding 
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Fig. 109 


it through the magnitude of ML the corresponding 
Equatorial arc which is itself found through finding the 
magnitude of AB. AB expressed in minutes will be equal 
to the number of asus taken by the declination circle of G 
namely PGB to have traversed from the position PDA to 
PGB which is the time taken by the planet G to be at its 
position from the moment of its rising at the Equatorial 
horizon namely PDA, D being then its position. When 
G was at D, K, the pole of the Ecliptic should have been 
itself rising on the Equatorial horizon. Thus it is sought 
to find the time expressed in asus taken by K from its 
moment of rising on the Equatorial horizon to its present 
position at K. When Bhaskara mentions in the commen- 
fary under the verse that " 
by the word क्षितिज, he had at the back of his mind 
ie. Equatorial horizon and not the horizon of 
the place shown in the figure. Also as was mentioned 
before in a previous context the time expressed in asus 
taken by an equatorial arc fo rise is equal to the number 
of minutes in that arc. Since the time taken by the 
planet to traverse the arc of the diurnal circle namely DG 
is the same as the time taken by the equatorial arc LM 
to rise, Bhaskara seeks to find the number of minutes in 
AB, then compute, the number of Asus taken by LM to rise 
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through which the number of minutes in AC could be 
computed. 


^^ 
AB=AG sin AGB = 


where AG= B. 


^ 
AGXH sin AGB _ AX Ayanavalanajya 
R Hi R 

In the formula given the word Ayanavalana is used for 
Ayanavalanajya ie. the Hindu sine of Ayanavalana for 


^ 
brevity. Also, since generally the angle AGB defined as 
Ayanavalana happens to be small, its Hsine will be almost 
equal to it. In this sense also the term Valana is used 
where Valanajya i8 to be used. 


From AB we pass on to the magnitude of LM. From 
Hindu spherical Trigonometry 


iTS aR ल बण s, 


CIS eSB ERR 
nora] — aea 


Heos AL Hoos ð 


_ BXAyanavalanajya l l 
Hos” Loo — (H cos हे is called Dyujya 


which is connoted by the term Dyu-guna in the verse, the 
words Jya and Guna being synonymous). 


Thus LM = a 
yu-guna 


From LM we pass on to the corresponding arc of the 
Ecliptic namely AC, which does not imply the latitude of 
the place, So we have to use what are called Niraksha- 
Udayas of Rasiis ie. the rising times of the Rāgis at 
Equatorial places. Rule of three is used here to find AC 
from LM. Locating the particular Rasi in which the 
planet is situated, and using the proportion. ‘Ifa Ragi 
of 80° ie. 1800’ of the Ecliptic rises at an Equatorial place 
in say z asus, what ars in minutes corresponds to the 
number of minutes or what is the same the number of Asus 
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in the aro LM?” We get the magnitude of the are AC in 
minutes. 


The computation of this arc AC is intended to know 
the difference between the times of rising of the point A 
and the point G the former being the point of the ecliptic 
signifying the position of the planet and the latter being 
the planet itself. This difference of the times of rising is 
itself required to know the actual time of rising of the 
planet by a knowiedge of the time of rising of the point 
which signifies the planet’s position on the Ecliptic by its 
longitude. 

In verse 5, Bhaskara gives an alternate and easy 
method of obtaining the magnitude of AC construing AGC 


to be roughly a plane triangle which does not involve any 
appreciable error. 


N . 
AC = AG tan AGO = BX Hain AGC 
IN 
H cos AGC 
_ BXAyanavalanajya 
Yasti 
H cos AGC in verse 3. 


Since Yasti is defined as 


Note. The point C is called the Krta-Ayana-Drk- 
Karma Sthana ie. the point of the Ecliptic signifying the 
planetary position rectified for the Samskara or correction 
called Ayana-Drk-karma. The longitude of C thus got 
is called the polar longitude of the planet which is defined 
as the longitude of the planet as measured on the Eoliptio 
upto the point of intersection of the planet’s declination 
circle with the Ecliptic. Bhaskara mentions elsewhere, 


qa 


ie. in the oase of stars which are fixed, the Sphuta-yaras 
or polar latitudes (given by GC in the above cage) 
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T 


given and longitudes reotified for Ayana Drk-karma are 
given ie. polar longitudes. Bhaskara made this as an 
approximate statement, for, we know, even in the case of 
stars, though they be fixed, their polar latitudes also do 
change by the precession of equinoxes be it just a little; 
whereas their polar longitudes do not change by the same 
constant quantity as their celestial longitudes. 


Verses 6, 7 and 8. Obtain the Carakhandas or 
ascentional differences of the Sphuta and Asphuta Krantis. 
If they be of the same direction their difference is to be 
taken, if of opposite direction, their sum is to be taken. 
The result in asus gives the Aksa Drk-karma correction if 
the celestial latitude is of appreciable magnitude, If it 
be not appreciably large, it (the celestial latitude) is to be 
multiplied by the Aksavalana, then divid by H cos ¢ or 
what is the same, multiplied by the equinoctial shadow 
and divided by 12. The result is to be multiplied by the 
radius and divided by H cos ò. Then we have the Aksa 
Drk-karma correction in asus. Assuming the planet’s 
position corrected for Ayana Drk-karma to be the Sun, 
obtain the lagna using the asus of the Aksa-Drk-karma. 
If the planet has a southern latitude let the lagna be found 
in the positive direction; otherwise in the negative dire- 
ction. Then we have the rising lagna of the planet or 
what is the same the longitude of the rising point of the 
planet. Again assuming the planet's position increased 
by 180° to be the Sun, and using the asus of Aksa Drk- 
karma, obtain the lagna in the positive direction with 
respect fo a northern latitude of the planet or else in the 
negative direction. Thé result gives the longitude of the 
Setting planet or what is called the Asta-lagna. 


Comm. (Refer to fig. 110) Let » be the planet whose 
Graha-sthana or foot of the latitude is p’. Let g be what 
is oalled the Krta-Ayana-Drk-Karmaka-Sthana or the 
planet’s position corrected for the correction of Ayana 


Fig. 110 


Drk-karma. (This correction is given by the arc p/q). 
The difference of the rising times of the planet p and g 
expressed in asus is what is sought here. The planet p 
rose at a and has covered the are ap of the diurnal circle 
after rising. So, we have to compute ap and therefrom 
the corresponding arc of the Equator namely AC. If the 
planet has no latitude ie. is situated on the ecliptic at p’, 
the aro p'g or Ayana Dtk-karma vanishes, for, the Ayana 
Drk-karma is no other than the projection of the latitude 
of the planet on the ecliptic taking P or celestial pole as 
the vertex of projection. Also if there were no Akss ie. 
if the place be equatorial, p and q rise simultaneously ie. 
fhe planet will rise along with the point called Krta- 
Ayana-Drk-Karmaka-Sthana g, mentioned above. In fact 
the Drk-karma corrections Ayana and Aksa are contem- 
plated to obtain the difference in the rising times of p and 
p’ ie. the planet and its position on the ecliptic. This 
time is resolved into two parts (i) the difference of the 
rising times of p/ and q and (ii) that of the rising times 
of gand p. The former is given by the equatorial arc 
BC which goes by the name Ayana-Drk-karma and the 
latter by the arc AC which goes by the name Aksa-Drk- 
karma, The algebraic sum of these two corrections gives 
the difference of the rising time of¢p and p! ie. the time 
given by the aro AB. Here AB=AC—BC, In verses 
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4 5 we have seen how BC is computed. Here we are 
seeking to compute AC through the corresponding aro ap 
of the diurnal circle. 


The verse uses the word Sphuta-Kranti, Asphuta- 
Kranti, and their Oararkhandas. Here in the figure pC 
is the Sphuta-Kranti and p’B is the Asphuta-Kranti or 
simply Kranti. Also pp’ is called Asphuta-Viksépa and 
bp! Sphuta-Viksépa. Sphuta-Kranti=pco=bB=dp'+-p'B= 
Sphuta-Viksépa-+Asphuta-Kranti. In other words the 
declination of p, the planet, is called Sphuta-Kranti and 
that of its longitudinal position on the ecliptic namely p’ 
is called Asphuta-Kranti or simply Kranti. We have 
obtained Sphuta-Kranti from Kranti by adding to the 
latter the Sphuta-Viksépa. The method of obtaining 
Sphuta-Viksépa from the Viksépa, otherwise called Viksépa 
Sphuta-karama was dealt with in verse 3 above. 


Now we have to define the Cara-khandas pertaining 
to the Sphuta-Kranti pO and the Asphuta-Kranti p'B. 
The former is defined as AE and the latter by CH very 
approximately. We say very approximately because when 
p! comes to the horizon, the Cara-khanda will not be 
exactly EC but a little more or less than EC since 
Bp'#Cq. In other words, the aro of the equator between 
the declination circle of g while rising and the equatorial 
horizon ie. AH is defined as the Cara-khanda of pC; 
similarly CE is that of p’/B. Their difference is 
AE--CE- AC. If we use the modern notation, we have 
to take their algebraical difference. If that be done, the 
alternative case of adding the Cara-khandas when the 
Sphuta and the Asphuta-Kranti are of opposite directions, 
will be automatically implied. ‘The asus pertaining to 
this aro AC will be the correction of Aksa-Drk-karma as 
mentioned in verse (6) when the latitude of the planet is 
appreciable. These asus will be equal to the time taken by 
p the planet to cover the aro ap or what is the same, the 
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time in between the moment of rising of p and that of g, 
the position of the Krta-Ayana-Drk-Karmakagraha 


When the latitude is very small, an approximate 
estimate of this correction is given in asus as 
sin £ > R or / XE sin @ R 
H cos ¢ H cos à H ००३6 H cos 8 
That this formula is (B'=qp) only approximate is seen 
from the fact that Hsint z Hsin d. This second 
formula can be proved as follows. 


YA घा छु I 
H cos @ H cos 8 
f! is the Sphata-Viksépa. Taking gpa as a plane triangle 


Aksavalana in asus = where 


“oN “N 
pa=gp tan pga=gp Xtan PEn approximately 
H sin @ 
Bog Hence 
A " म X ak . With respect to the first 
formula ie. 


Aksavalana in asus = BXH sin t X E 


H cos ¢ H eos ®’ 


N 


= Sphuta-Viksepa X 


^M E bu 
pa —qp tan pga = * 
H cos pga 


ÁN 

H cos pga which is Yasti previously defined, H cos 

ie. H cos ठु, an approximato value is substituted, because 
the latitude is small. Having obtained the value of pa, 
it is then reduced to the Equator by multiplying by R and 
dividing by Hoos हे. The convention with respect to 
the sign is clear. The idea of Kramalagna and Viloma- 
lagna may be elucidated as follows. In fig. 110, g, is on 
the horizon rising whereas p had already arisen. Bo to 
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obtain the rising time of the planet p, which occured 
before that of g, Vilómalagna or an anterior point of time 
is to be computed, and this is done by subtracting the asus 
of Akga-Drk-karma from the rising time of g. The rest 
follows on these lines of elucidation. 


Verse 9. The planet rises at the time known as its 
Udayalagna (which is to be computed as aforesaid) and 
it sets at the time known as its Astalagna (which is also 
to be computed as mentioned before). 


Comm, Clear. 


Verse. 10. During the night, at a given moment, the 
computed Udayalagna of the planet is less than the 
particular lagna of the moment, ie, if the longitude of the 
Udayalagna is less than that of the current lagna, and 
also if the Astalagna of the planet computed is greater 
than that of the then current lagna ie. if the longitude of 
the Astalagna is greater than that of the current lagna, 
the planet is visible ie. above the horizon. In the case 
of the Moon, however, if he is not eclipsed by the rays of 
the Sun, he may be visible even shortly after Sunrise or a 
little before Sunset in contradistinction to a planet which 
could not be seen at all during day time (except perhaps 
Venus). When a planet is visible, his gnomonic shadow 
could be computed. (This does not mean that the gnomon 
casts a shadow of the planet but means that its zenith- 


distance could be computed according to the methods 
described in Triprasnadhikara. 


" 


Comm. Clear, 


Verse 11. To obtain the shadow, the time that has 
elapsed after the rise of the planet is to be known, 


If i be required to find the gnomonic shadow of the 
planet, then the current lagna and the Udayalagna of the 
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planet at the moment are to be computed, The time in 
between the two lagnas, which will be in Savana measure 
pertaining to the planet gives the time that has elapsed 
after the rise of the planet. 


? 


Comm. According to computation, the difference of 
times of the current lagna and the Udayalagna as com- 
puted taking the present position of the planet will be the 
time measured along the diurnal path of the planet and as 
such is in Sànava measure. 


Bhiskara mentions here a very subtle point. In the 
analysis the latitude of the planet is taken into account 
while finding the Udayalagna. Time measured in this 
case is called Ksetratmika and not Kalatmika for the 
following reason. Suppose A is the Udayalagna of the 
planet and B the current lagna both points being on the 
ecliptic. Let us say that the current lagna is posterior to 
the Udayalagna (there is no loss of generali&y in supposing 
this). By the time of the current lagna, the planet is no 
more at A but will have moved a little towards B. Let the 
present position of the planet on the ecliptic be A’. The 
corresponding arc of AB on the equator gives the sidereal 
measure of the time that has elapsed after the rise of the 
planet whereas the corresponding arc of A’B on the 
equator gives the Savana measure of the same time. Here 
this Savana is that pertaining to the planet and not that 
pertaining to the Sun which is Saura Savana. In other 
words it is the Savana pertaining to the particular planet, 
because the arc AA! is traversed by the planet in question 
as per its own velocity. 


The stress is here on tbe word Tat-Kala-graha, ie. 
the longitude of the planet at the moment at which the 
shadow or the zenith-distance of the planet is sought, 
Taking this as the position of the planet and taking the 
latitude of the planet also into account compute the 
Udayalagna. This will be A’ cited above. To obtain the 
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sidereal measure of the same time we have to take A and 
not A’. 


Verse 12, Savana measure alone is to be employed while 
finding the gnomonic shadow ie. while the zenith-distance 
of the planet is to be computed, because the arc of the 
diurnal circle of the planet indicates only Savana measure. 
Suppose the Udayalagna falls short of the current lagna, 
then the Bhogyakàla ie. the remaining rising time of the 
Rasi in which the planet is situated added to the elapsed 
time of the Rigi of the current lagna together with the 
gum of the rising times of the Rasis in between gives the 
difference of the Udayalagna of the planet and the current 
lagna. 


Comm, (Ref, fig. 111). Let p be the planet’s place 
on the Ecliptic at the moment in question when the lagna 
is L (or the foot of the latitude of the planet 
in case if is not on the ecliptic). Let PA be 
the remainder of the Rasi in which the 
planet is situated. Then the time of rising 
of the arc PA is here termed Bhogyakala. 
Let DL be the arc of the Rasi in which the 
current lagna L is situated, which has arisen. 
The time of rising of this are DL is called 
Bhuktakala. The times of risings of the 
Rayis in between namely AB, BO, CD are 
called Madhyodayas. The sum of the rising times of 
PA, AB, BC, CD, DL gives the time in between the rise ` 
of P and that of L which is the time that has elapsed after 


the planet has arisen upto the current Lagna ie. the rising 
time of L, 


Fig. 111 


Verse 13, The method of computing the gnomonic 
shadow of the planet or what is the same the zenith- 
distance of the planet, as per the method of computing 
that of the Sun (extended to the case of the planet) after 
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finding the Sphutakranti (ie. modern declination) of the 
planet. 


The Kranti of the planet or the declination of the foot 
of the latitude of the planet added to the latitude rectified 
called Sphutasara, gives what is called Spastakranti of the 
planet and its Heine is called Spasta-Krantijya. From 
this H sin ©, H cos हे ete. is to be computed (as mentioned 
in Tripragnadhikara in the context of finding the zenith- 
distance of the Sun). From the time that has elapsed 
after the rise of the planet oalled the Unnata, the shadow 
is to be computed as in the case of the Sun’s shadow. 
Having thus computed the shadow or what is the same the 
zenith-distance of the Moon or that of the stars, the instru- 
ment called Nalaka could be pointed to the spot where 
that celestial body is situated. 


Comm. The words Kranti, Spastakranti were 
explained before. Also the method of calculating the 
zenith-distance from a knowledge of the declination was 
described before in Triprasnadhikara. 


Verses 14, 15. Consideration of horizontal parallax 
in the case of visibility of the Moon or planets. 


H cos z or what is called the Mahasanku of the Moon 
or planet is to be reduced by; 4&th of the respective 
daily motion gives the visible S'anku when the radius is 
taken to be 3438. If the radius is taken as 120, z35th of 
the daily motion is to be subtracted. If H cos z is less 
than th (or z$5th) of the daily motion, then the Moon 
is not visible. This applies to the other planets as well, 
but as this is a neglible matter, ,the earlier Acharyas did 
not suggest this. 


Comm. In the context of the subject of parallax, we 
mentioned that in the case of the Moon, the horizontal 
parallax happens to bers of the Moon's daily motion 
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approximately. The same is extended to the case of the 
planets as well. To get the proportion in the case of 
taking the radius to be 120 only instead of 3438, rule of 
three is applied as follows. “If the radius be 3438, उ 
is parallax, what will if be if the radius be 190?" The 


answer 18 


v 120 v D) 
-— es AME mea eie RE en Y 
15 3438 ^ 8488/8 480 "°? 


If H cos z be less than this yth or उड) of the daily 
motion, the parallax does not allow fhe Moon to be seen, 
Bhaskara specifically talks about the Moon only because, 
the earlier Acharyas did not apply the correction of 


parallax to the case of the planets, because it is not 
appreciable, 


Verse 16. If an operation is neglected because its 
effect is not appreciable, or is not of much use, or because 
it is apparent, or if ib implies great labour, or again if 
it implies a lot of exposition that would make the text 
unduly voluminous, ignoring the necessity of that oper- 
ation should not be treated as wrong. 


Comm. Here Bhaskara upholds the earlier Acharyas 
not stipulating parallax in the case of planets, because it 
is not appreciable. 


Here ends Graha-cchaàyàdhikara. 


GRAHODAY ASTADHIKARA 
Verse 1 and first half of verse 9. 


The Udayalagna of a planet is termed Prak-Drk-graha 
and the Astalagna is termed the  Paschima-Drk-graha. 
If the Prak-Drk-graha happens to be less than the current 
lagna the planet had already risen. If it be greater, the 
planet is still to rise. Similarly if the Paschima-Drk-graha 
is less than the current lagna, the planet had already set; 
otherwise is yet fo set, 


Comm. The words Prak-Drk-graha and Paschima- 
Drk-graha are coined to indicate the points of intersection 
of the ecliptic with the eastern and western horizon 
respectively when the planet is rising or setting, when the 
planet has latitude. When the planet has no latitude 
Prak-Drk-graha coincides with the rising planet and the 
Paschima-Drk-graha with the setting planet. When the 
planet has a latitude, the foot of the latitude, which 
signifies the planet’s position on the ecliptic differs from 
the two Drk-grahas. In this case ie. when the planet has 
a latitude the Prak-Drk-graha’s longitude will be less than 
that of the planet’s longitude whereas the Paschima-Drk- 
graba's longitude will be greater than that of the planet. 
If z and y be the differences of the longitudes of the planet 
and those of the Drk-grahas respectively, 15 is clear from a 
figure that tan a= PÉ and tan y= क. where 3 is the 

tan 0 tan ७ 
latitude of the planet and Q and d$ the angles which the 
ecliptic makes with the horizon at the planet’s rising and 
setting respectively. 


Since Ó and @ are then respectively the zenith- 
distances of the pole of the ecliptic in each case, and since 
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in the course of half a sidereal day, these zenith-distanoes 
could not be equal, z and y cannot be equal. 


Second half of verse 2 and verse 3. To find the side- 
real time in between the given time and the time of the 
planet's rising. 


Find the time that has elapsed after the planet's rise, 
from a knowledge of the Istalagna at a given time and 
Prak-Drk-graha ie. the longitude of the rising point of 
the ecliptic at the time when the planet rises. 


This time will be in Savana measure, because we have 
taken the planet’s position at the given moment and not 
the position of the rising planet. From this time, know- 
ing the daily motion of the planet of the day in question, 
obtain the arc; that would have been traversed in between 
the moments. Subtracting this arc from the planet's 
position ai the moment, the planet's position at rising 
would be obtained approximately ; approximately, because 
as per the procedure enunciated in verse eleven, Graha- 
echayadhikara, the Prak-Drk-graha of the rising planet, 
and that obtained from the position of the planet at the 
moment differ. From this approximate time again com- 
pute the are that would have been traversed by the planet 
during that time, Subtracting this arc which is nearer 
the truth from the planet's present position, we obtain a 
more approximate position of the rising planet. Again 
computing the Prak-Drk-graha from this position, calcu- 
late the time from this Prak-Drk-graha and the lagna of 
the moment. Repeating the process we will obtain 
the actual sidereal time in between the given time and 
the actual rising time of the planet. It is sidereal because, 
we have found the time as per the procedure of verse (11) 
referred to, where we have used तत्काळखेटोदय and not the 
actual ,खेटोदय, ie the rising lagna of the planet obtained 
from the present position and not that of the rising planet, 
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This difference between the nature of the times was already 
dealé with. 


The matter of this verse appears to have been 
unnecessarily complicated by Bhaskara but on careful 
scrutiny if is not so; for, the problem is to find the time 
that has elapsed after the rise of the planet upto a given 
time. Here the data are the given time and the corres- 
ponding position of the planet not on the horizon but 
elsewhere. We could not know immediately the time at 
which the planet rose, To find it alone, this method of 
successive approximation has to be used and there is no 
other go. Had we known the position of the planet while 
rising, the corresponding Prak-Drk-graha could be found 
exactly and as this position of the Prak-Drk-graha is a 
point of the ecliptic and the Ista-lagna ie. the rising point 
of the ecliptic at the given moment is also a point on the 
ecliptic, the tims between the moments of rising of these 
two points of the ecliptic could be found in sidereal 
measure directly by noting the rising times of the Rasiis in 
between, without an appeal to the method of successive 
approximation. 


Verse 4. The computation of the times of heliacal 
rising and setting of a planet in contradistinction to its 
rising time during a day on account of earth’s diurnal 
rotation, 


The times of rising and setting of a planet have been 
dealt with. Now I shall tell the procedure to be adopted 
in computing the times of heliacal rising and setting of a 
planet. If a planet has a daily motion less than that of 
the Sun, it rises heliacally in the east, and sets in the 
west; otherwise the reverse, 


Comm. Take the example of the superior planets, say 
that of Jupiter. Since Jupiter moves slower than the Sun, 


60 
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the Sun will have to overtake Jupiter and not vice versa, 
When it is the Sun that is to overtake, taking a position 
of Jupiter near the western horizon gradually the planet 
gets fainter and fainter as the Sun approaches him from 
west to east. Ultimately one evening the planet ceases 
to be perceptible within a particular distance of the Sun, 
This we call heliacal setting of the planet. Having thus 
set in the west, after a few days the planet rises in the 
east. This is so because, after the planet’s heliacal setting, 
the Sun gradually approaches the planet from west to east ; 
at a particular moment will have a longitude equal to that 
of the planet and then gradually gains in longitude over 
the planet. After afew days, in the eastern horizon, the 
planet will emerge from the rays of the Sun before Sun- 
rise; it is not the planet moving west from east but it is 
the Sun moving from west fo east so that the Sun recedes 
away from the planet towards east. The planet also will 
be having a motion from west to east but ii being slower 
than that of the Sun, the latter gains over the former in 
its motion from west to east. 


In the case of the inferior planets, say for example, 
Mercury, the velocity of Mercury is greater than that of 
the Sun; as such, Mercury will be overtaking the Sun and 
not vice versa. Thus in the eastern horizon, it is Mercury 
tbat enters the rays of the Sun, going from west to east, 
so that he sets in the east. After a few days of this 
heliacal setting, Mercury acquires a longitude equal to 
that of the Sun, and while overtaking the Sun from west 
to east, he emerges out of the rays of the Sun in the west, 
which is therefore heliacal rising, But, when Mercury is 
retrograde, the case is different. Some days after heliacal 
rising in the west, Mercury attains his maximum elonga- 
tion and then begins to retrograde. The elongation then 
gradually decreases, and he will set again in the rays of 
the Sun in the west itself. A few days thereafter, still 
continuing retrograde, he emerges out of the Sun’s rays 
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in the east, thus rising heliacally. After attaining the 
maximum elongation in his retrograde motion, his motion 
will then become direct, so that he again approaches the 
Sun, going from west to east. Next a little before 
overtaking the Sun, he sets heliacally in the east, and 
thereafter, having overtaking the Sun, he rises heliacally 
in fhe west. 


Here, one point is to be mentioned. The time between 
Mercury’s maximum elongation in the west and again the 
maximum elongation in the east (whioh are termed 
maximum eastern elongation and maximum western 
elongation with respect to the Sun) will be far less than 
the fime between the maximum elongation in the east 
(ie. maximum western elongation with respect to the Sun) 
and that in the west (ie. maximum western elongation 
with respect to the Sun) in as much as when Mercury is 
retrograde, and the Sun having always direct motion, the 
relative velocity will be the sum of the retrograde velocity 
of Mercury and the direct velocity of the Sun. 


In the case of the superior planets, as mentioned 
above, the superior planets set heliacally in the west and 
rise heliacally in the east. They will not rise heliacally 
in the west and will not set heliacally in the east which 
happens only if either the superior planet has a greater 
velocity than the Sun or the Sun has a retrograde motion 
which is never the case. 


Verse 5. Speciality with respect to Mercury and 
Venus. 


Mercury and Venus rise heliacally in the west in their 
direct motion, (attain maximum elongation before they) 
become retrograde, set heliacally there itself, then 1186 
heliacally in the east continuing fo be retrograde, (attain 
maximum elongation there before they) next become direct 
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and gradually set there (to rise again in the west) ‘as 
before, 


Comm. Explained above, 


La 


Verse 6. Kalamsas or distance in degrees from the 
Sun within which the planets rise or set heliacally. 


The Kalamsas with respect to the Moon, Mars, Mer- 
cury, Jupiter, Venus and Saturn, or the degrees of distance 
from the Sun within which they rise or set heliacally are 
12, 17, 14, 11, 10, 15 respectively. 1n the case of Mercury 
and Venus when they are retrograde the Kalamgas are 12, 
and 8 respectively. 


Comm. The Kalamsas given above depend upon the 
luminosity of the respective planets. When Mercury and 
Venus happen to be retrograde, the Kalamgas happen to be 
2° less in each case because they are then nearest to the 
earth and as such being most luminous as seen by us will 
not set heliacally till they are very near the Sun, 


Verse 7. To compute the moment when a planet 
rises or sets heliacally. 


If it is to be known when a planet rises or sets helia- 
cally the position of the Prak-Drk-graha or the Paschima- 
Drk-graha as the case may be (Prak-Drk-graha in case the 
rising or setting takes place in the east or the other in tbe 
Other case) and that of the Sun also are to be computed on 
a day a little before the day of rising or setting as 
prognosticated by the S'ighra anomaly. In case the planet 
rises or sets in the weat, to obtain the lagna the position 
of the Sun is to be increased by 180°, 


Comm, Clear. 
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First half of verse 8. To obtain what are called 
Ista- Kalamshas. 


The time between the rising of the planet or of the 
Drk-graha and that of the Sun measured in ghatis multi- 
plied by six gives what are called Ista-Kalamgas. 


Comm. Having found the approximate position of 
the Drk-graha as mentioned above when the planet is 
likely to rise or set heliacally, let the time in between the 
rising of this Drk-graha and that of the Sun (if it be the 
case of setting or rising in the west the position of the 
Sun is to be increased by 180° because the astalagna 
directed to be found in verse (1) is the point of intersection 
of the ecliptic with the eastern horizon, which is removed 
180° from the setting point of the Sun) be multiplied by 
six. Since both the Drk graha and the Sun’s position are 
points on the Ecliptic and since we have considered the 
time in between their rising moments, which is measured 
on the equator, and again since this time is measured in 
ghatis, the number of ghatis multiplied by six give the 
degrees, for, each ghati corresponds to six degrees of the 
equator (sixty ghatis corresponding to one sidereal day). 
These degrees are said to be Ista-Kalams'as, which means 
that it gives the arc in between the feet of the declination 
circles of the Drk graha and the Sun at the Ista-kala ie. 
that particular time considered. 


Second half of verse 8 and verses (9) and (10). 


. If the number of degrees so found ie. the Ista- 
Kalamgas fall short of or exceed the number of Kalàmsas 
postulated for the rising or setting of the planet, then the 
planet's rising has to take place or has already taken place 
respectively and vice versa in the case of setting. The 
number of minutes of the difference of the prescribed and 
lsta-Kalàmsas multiplied by 1800 and divided by the 
rising time of the Rasi expressed in Kalas and again 
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divided by the difference of the daily motions of the planet 
and the Sun expressed in minutes of aro if the planet ia 
direct in motion or divided by the sum of those daily 
motions if the planet be retrograde gives the days elapsed 
after rising or to elapse for the rising 10 take place. Again, 
compute the positions of the Drk-graha and the Sun for the 
moment thus obtained and repeat the process till the actual 
moment is obtained. 


Comm. Suppose the prescribed Ka3làmsas for rising 
be z and suppose the Ista-Kalamsas are y such that y«z; 
then for the planet to rise, the aro of the equator in 
between the feet of the declination circles of the Sun and 
the Drk-graha has to increase for the planet to rise which 
means that this fakes some more time to happen. Similarly 
if y, the planet has already risen. The question of the 
arc decreasing does not arise in this case of rising, because 
the planet’s position in the east is behind that of the Sun, 
and in the case of a superior planet the Sun has fo advance 
further for the planet to rise ie, the arc has to increase and 
in the case of a retrograde inferior planet also, the are 
will be increasing. In the case of an inferior planet being 
direct, the arc will be decreasing no doubt, but we have 
to remember that this is a case of an inferior planet setting 
and not rising which we are considering. In the case of 
setting, in the east, however, of the inferior planet the 
moment of setting has already elapsed and thus the condi- 
tion is reverse to that of rising. The case of setting of 
a superior planet in the east never happens. In the case 
of setting of a superior planet in the west, if the Ista- 
Kalàmsas be less than the prescribed Kalamgas, ie. y<‘z, 
setting must have already taken place, the Sun having 
approached the planet from behind and already effected 
heliacal setting. Thus this is also reverse to the condition 
of rising as stated, In the case of an inferior planet 
setting in the west if y>w, the planet should have set 
already since the inferior planet is retrograde while setting 
in the west. 
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This condition is also reverse to what has been sts ted 
in the case of rising. The case of a superior planet rising 
in the west also never happens, because it is the Sun that 
overtakes the planet and also the superior planet cannot 
be retrograde while near the Sun 


The case of rising which has already elapsed the Ista- 
Kalamgas y will be evidently greater than x ie. yc. To 
obtain the time by which the rising will take place after 
the moment in question, ie. the rising of a superior planet 
which is direct and an inferior planet which is retrograde, 
we have to take the difference of the prescribed and Ista- 
Kalamsas and find out the time by rule of three as follows. 


(1) Since we have to find the corresponding are of 
the ecliptic in minutes of arc, from (y—z) X 60’ the 
difference of the Kalamsas of the equator converted into 
minutes ie. asus we have first to use the proportion. “If 
by the rising time of the Rasi ¢ in asus in which the planet 
is situated we have 1800! of the ecliptic, what will we have 
(४2) X 60 X 1800 
EXTRA MEE ; 
Next we have to find the days wher this arc of the ecliptic 
is covered by the proportion. “If the Sun overtakes the 
planet by (४-०) minutes of the ecliptic per day, how many 
days are taken to cover the above arc?’’ The answer ig 
as stated. 


by (y—az) X 60? The answer is 


The answer gives in days together with fraction of 
a day when the planet is likely to rise. We have to repeat 
the process because the motions of the planet as well as 
the Sun differ from moment to moment and the time calou- 
lated above by rule of three taking into account their 
motions for the entire day will be only approximate. The 
computation in the case of setting of a planet may be 
similarly considered, the setting of a superior planet in the 

or that of a direct inferior planet in the-east, 
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Verses 11 and 19, Tf the Prak-Drk-grahs has a 
longitude greater than that of the Sun or the Pasohima 
Drk-graha has one less than that of the Sun, the sum of 
the prescribed Kalamsas and Ista-Kalamsas converted into 
minutes of arc will have to be used to compute the elapsed 
days or the days after which the respective phenomenon is 
going fo occur 


If the Ista-Kalamgas y be greater than the prescribed 
namely g, the reverse to what has been stated in the second 
halt of versc (8) and in the first line of verse (9) happens 
ie. a phenomenon which has elapsed when y «z will happen 
in the future and vice versa, 


Comm. If the Prak-Drk-graha has a longitude greater 
than that of the Sun, (since the prescribed Kalamsas are 
between the planet and the Sun, the planet being behind 
the Sun, and the Ista-Kalamgas are now on the other side 
of the Sun) the planet has advanced over its position of 
heliacal setting be if a superior planet or inferior by the 
sum of the prescribed Kalamsas and Ista- Kalàms'as. Hence 
the days that have elapsed after the heliacal setting have 
to be calculated with the sum of the two Kalamgas, If if 
be also a case of a retrograde inferior Prak-Drk-graha 
rising, having a longitude greater than that of the Sun, 
even then the prescribed Kalamsas are behind the Sun and 
the Ista-Kalamgas ahead of the.Sun. So from the position 
of the planet’s heliacal rising, the Sun and the planet have 
advanced in opposite direction to a distance which is the 
sum of the prescribed Kalàmsas and Ista Kalamsas. Hence 
computation has to proceed with the sum of the two 
Kalamsas to get the time that has elapsed after the planet’s 
heliaoal rising. Similar is the argument for the Paschima- 
Drk-graha. 


We have commented on verses from the latter half of 
(8) upto (10) where the Ista-Kalamsas y happen to be less 
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than æ. If y»x, or again the Prak-Drk-graha has a longi- 
tude greater that of the Sun, the phenomenon of rising or 
setting which happened when y«x, will have to be taken 
as going to happen and that which was going to happen 
when y«x, must have happened already. It is enough to 
consider just one ease instead of all the four cases since 
the argument is similar as before. Let us take y>x and 
ii is an inferior planet in the east behind the Sun. 
According to the latter half verse (8) the rising had to 
take place y being less than x, whereas, now, y being 
greater than x, rising had already taken place, in contra- 
distinction to what happens when y «x. 


Here ends the Udayastadhikara. 
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SRNGONNATYADHIKARA 


Verse 1, Wither in the last quarter of a lunation, or 
in the first quarter, on the day when the elevation of the 
cusps of the crescent Moon is to be determined, then either 
at the moment of Moon-rise or Moon-set or (for the matter 
of that during any part of the night) the Hsine of the 
altitude of the Moon is to be computed by noting the time 
from the moment of Moon-rise, 


Comm. Either in the first quarter or the last quarter 
of the lunation, ie. when the phase of the Moon according 
to the definition of phase in modern terms is less than 
half, the Moon will be a crescent. Also, generally, on the 
back-ground of the horizon, we notice that one of the 
cusps is more elevated than the other. This elevation 
goes by the name Srngonnati. 


Even in the middle half of the lunation, Bhaskara 
mentions that Brahmagupta and some others (meaning 
Sripati whom he closely follows) attempted at finding the 
elevation (strictly speaking elevation during the second 
quarter and depression during the third quarter) of the 
dark horns. Bhaskara does not appreciate this since, 
nobody would think about this as it does not appeal to the 
eye at all. 


Verse 2. To find the Haine of the altitude of the Sun. 


The Hsine of the altitude of the Sun is to be 
com-puted, assuming the rising Sun to be in the opposite 
hemisphere, south or north (ie. if he be originally in the 
northern, assume him to be in the south) and using the 
formula given in verse 54 of Triprasnadhyaya “ अथोन्नता- 
दुनयुताच्चरेण ” given the time measured in asus that has 
elapsed after Sunset, 


Fig. 112 


Comm. During the early part of the night or during 
the latter part thereof, when the Sun is below the horizon, 
fhe Sun will be occupying symmetrical positions with 
respect fo the horizon at times which are equally removed 
from Sunset and the next Sun-rise. This is clear from the 
figure 119. Let A and B be two such symmetrical positions 
where AM and BN are the Hsines of the altitudes. 


oN ^M 
Evidently AM = BN, CPA—OPB, Since the rising eastern 
hour-angle of the Sun equals he setting western hour- 


^ ^ 
angle, and since CPA=CPB, the time elapsed after 
Sunset when the Sun is at B, will be equal to the time 
before Sun-rise in the position A. Hence by congruence 
-AM = BN = Hsine of the altitudes in the two symmetric 
positions, Using the modern formula from the triangle 


PZS, cos z = sin @ sin हे + cos @ cos हे cos k, when 


^ ^ a 
CPA=CPB=} oos z will be the same in the two positions 
A and B. Putting z = 90+ 0, cos z = — sin Q will be 
the same ie. H sin Q will be the same in the two positions 
ie. the S'ankus will be the same. In the formula 
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608 z = sin @ sin हे + cos @ eos © cos h 
Put z = 90 + 9, h = 90+ H, 6 = 6 in the positions A, B 
and z = 90—@, h=90 —H. 6=—O in the positions A’, B’ 
We have then — sin Ó = sin ġ sin हे — 0080 cos ò sin H 
and i sin OQ = — sing sin हे + cos ġ cos B sin H 
which are identical. This means that the altitude Q below 
the horizon with 4-6 in the positions A, B is computable 
with —@ in the positions A’, B’. This accounts for the 
statement made ' ग्रोळविपयये' 


The second statement of the latter half of verse (2) 
says S'ankutala = S'anku X which we have proved in 


Triprasnadhyaya. 


Verse (3) and first half of (4). To obtain the Bhuja 
of the Sun. 


The S'ankutala of the inverse altitude or the altitude 
below the horizon, is north (in contradistinction to what 
it is above the horizon). The sum or difference of the 
Agra and Sankutala according as they are of the same 
direction or of opposite directions, is the Bhuja. The sum 
or difference of the Bhujas of the Sun and Moon, according 
as they are of opposite or the same directions is what is 
called the Spasta Bhuja whose direction is to be construed 
as that of the Moon, If the Bhuja of the Moon falls short 
of that of the Sun, then the direction of the Spasta Bhuja 
is that opposite to that of the Moon. 

Comm. In fig. 113, we have shown five different 
positions of the Sun §, to 85 the feet of the S'ankus being 
B, to B. From these feet of the Sankus draw perpendiculars 
on the Udayastasutras as well as on the Hast-west line their 
points of intersection being respectively A, to A, and 
C, to Cs. The perpendiculars from the feet of the S’ankus 
on the Hast-west line go by the name Bhujas, the perpendi- 
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Fig. 113 


cular distances between the Udayastasufiras and the East- 
west line are called Agras and the perpendiculars from the 
feet of the S'ankus on the Udayastasutras are called 
S'ankuta&las which were all defined in the course of the 
Triprasnadhyaya, We have from the spherical triangle 
PZS, sin हे = sin @ cos z + cos @ sin z sin a so that 

sin 6 ,. tan @ cos z--sinzsina which was shown as 


cos 6 

A=S-+B in the Triprasnadhyaya ie. Agra = S'ankutala + 
Bhuja. Changing © into—¢ and a into—a we have different 
formulae, the standard form being A=S-+B. We don't 
propose to change @ into —@, because in India this case 
does not arise. Thus our latitude being north, the S'anku- 
talas defined above as the distances from the feet of the 
Sankus from the Udaydstasutras are always deemed as 
south. It need not be reiterated that the Udayastasubras 
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are the straight lines joining the rising and setting points 
of the celestial body. As such, these Udayastasutras are all 
parallel to the Hast-west line. In fig. 114, in the horizontal 
plane containing the points 
A's, B's and O's in the 
respective cases, according 
fo the Hindu convention, 
we talk of Agra and Bhuja 
as being Uttara Agra, 
Daksinagra, Uttara Bhuja 
and Daksina Bhuja, 
Sankuislam is always 
taken to be south except in 
the fifth case shown in figs. 
113 and 114 when the altitude happens to be below the 
horizon. In this case the S'ankutala is spoken as north. 
Thus the general formula A=S-+B assumes the following 
various forms, in the respective cases. 


Fig, 114 


(1) Uttaragra—Daksina Sankutala= Uttara Bhuja. 
This corresponds to A, B, C of fig. 114 where AC, is 
Uttaragra, BA, Dakshina S'ankutala and BC, Uttara 
Bhuja. 


(2) In the case of A, B, O, Sankutala—Agra= 
Daksina Bhuja since B, À,—C, A=B, C, This occurs 
after the Sun's diurnal path has crossed the prime-vertical 
and the Sun has a position on the south of the prime- 
vertical, having a northern declination. In the case of 
A,B,C, B,C,= B, A, + A,C, ie. Daksina Bhuja = 
Daksina S'ankutala + Daksinagra. In the fifth case 
when the Sun’s altitude is below the horizon, B, C, = 
B; A; + ©; As ie. Uttara Bhuja = Uttara S'ankutala + 
Uttaragra. In the sixth case when the Sun has a southern 
declination and an altitude below the horizon, B, C, = 
As Cs + As B, ie. Daksina Bhuja = Daksindgra minus 
Uttara S'ankutala. In the case of A, B, Ca, Uttaragra = 
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Daksina Sankutala-+ Uttara  Bhuja, since A,C,— 
B, A, + B, C, In the absence of a unifying convention, 
all these formulae are loose and apt to create confu- 
sion. So we shall unify all these formulae into the 
standard form A=S+B which holds good universally, if 
we have the conventions. 


(1) Agra shall be deemed positive if it be north and 
negative if i& be south ; 


(2) Similarly with respect fo the Bhuja. But, with 
respect to the S'ankutala, we shall deem it positive if it be 
south and negative if north. These conventions compre- 
bend all the cases and unify them into the standard form 
A-S--B. The corresponding conventions with respect 
to ð, a are that © corresponds to Uttaradgra and -+a 
corresponds to Uttara Bhuja. 


Having the above conventions, and finding the Bhujas 
of the Moon above the horizon and the Sun below the 
horizon, the Spasta Bhuja required in finding the Srngon- 
nati in the present chapter, is defined as the difference of 
the Bhujas of the Sun and the Moon and the sum thereof 
according as they are of the same direction north or south 
or of different directions. Also this Spasta Bhuja is by 
convention said fo have the same direction as that of the 
Moon. If, however, the Bhuja of the Moon falls short of 
that of the Sun, then the Spasta Bhuja is said to have the 
direction opposite to that of the Moon. 


* Verse (4). Definition of Koti. 
I deem that the Koti should be taken as the sum 


of the S'ankus of the Sun and the Moon, the one being 
below the horizon and the other above respectively. 


Comm. We have defined above the Spasta Bhuja as 
the north-south distance between the feet of the S'ankus 
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of the Sun and the Moon. Herein Bhaskara defines the 
Koti as the sum of the S'ankus of the Sun and the Moon 
which is the vertical distance between the points on the 
armillary sphere which represent the Sun and the Moon. 


Bhaskara says ‘I deem’ to signify that he differs 
from Brahmagupta in this, who defines the chord joining 
the Sun and Moon on the armillary sphere which is equal 
to 2 Hsine of the SM on the sphere as the Karna. Brahma- 
gupta defines the Bhuja and Karna from whioh he deduces 
the Koti as J Karna®— Bhaja’. Bhaskara argues that since 
the Karna defined by Brahmagupta is not in the vertical 
plane, since the Sun and the Moon are not in the same 
vertical plane, so, the Koti defined by him throught he Karna 
will not be in the vertical plane. The Karna defined by 
Bhaskara is not on the other hand the chord joining the 
Sun and the Moon but lies in the vertical plane in which 
the perpendicular from the Moon’s position on the armil- 
lary sphere, on the horizontal plane containing the Sun's 
position on that sphere. Also the Bhuja defined both by 
Brahmagupta and Bhaskara is the projection on the north- 
south line of the join of the Sun’s position on the sphere and 
the foot of the perpendicular from the Moon's position on 
the horizontal plane through the Sun's position and if i8 
not actually the above join. 
Bhaskara is evidently 
guided by the right angled 
triangle SMN which is not 
strictly a spherical triangle 
as per its modern definition 
a8 the aro SN is not that 
of a great circle. This 
figure guided him to take 
the Bhuja horizontal and 
the Koti vertical so that 
his Karna is also in @ 
Fig. 115 vertical plane. Bhaskara’s 
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Karna therefore has nothing to do with the arc SM but 
only has the virtue of being in a vertical plane. Sripati 
adopted Brahmagupta’s method. Kamalakara neither 
follows Brahmagupta nor Bhaskara but follows a method 
of his own. In fact the methods adopted by these-ancient 
Hindu astronomers are not mathematically correct because 
the question of determining the cusps as well as phase of 
the Moon is concerned with the actual positions of the 
Sun, Moon and the earth in space and not as seen on the 
sphere. Hence M. M. Sudhakara Dwivedi has written a 
small book by the name Vastava-Srngonnati following 
modern methods. The modern method which gives the 
truth of the matter is depicted in standar modern texts. 


Verse 5. The hypotenuse or Karna is the square-root 
of the sum of the squares of the Bhuja and Koti. The 
Bhuja multiplied by 6 and divided by the Karna gives 
what is known as the Dik-valana of the Moon. The dire- 
ction of the Valana has the same direction as the Spasta 
Bhuja defined before. 


Comm. The idea is that taking the radius of the 
Moon's dise to be six angulas or units, representing the 
Karna, the magnitude of the Bhuja on the same scale 
gives a measure of what is defined as Valana. Thus Valana 


= us where B and K stand for the Bhuja and Karna 


defined before. The idea of this Valana will be clarified, in 
the ensuing verses. 

Verse 6. The Hsine of the elongation of the Moon 
is to be multiplied by the radius vector of the Moon 
measured in Yojanas, and divided by the radius vector of 
the Sun, also measured in Yojanas; the aro of the Hsine 
so obtained is to be added to the longitude of the Moon 
in the bright half of the lunation and is to be subtracted 
from the same in the dark half. 

62 
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Comm. This is a correction to be made in the longi- 
tude of the Moon to depict graphically the phase of the 
Moon. Bhaskars says that many of the prior astronomers 
took that the phase of the Moon was in direct proportion 
to the.elongation of the Moon. Taking the radius of the 
Moon’s dise to be six angulas or units, and assuming that 
when the elongation is 180°, the entire disc being illumi- 
nated, it was thought that 12 units of the diameter 
correspond to 180° of elongation so that the S'ukla of the 
disc measured by the central width of the illuminated disc 
increases at the rate of 1 unit for 15° of elongation. (The 
word Slukla may be taken to correspond tio the modern 
word phase. S'ukla is expressed in angulas, taking the 
diameter of the disc to be 12 angulas. The measure of the 
portion of the diameter of the Moon’s disc perpendicular 
to the diameter which is the join of the extremities of 
the cusps, covered by the illuminated part of the disc, 
(which may be defined as the maximum width of the 
illuminated part of the disc) measured in angulas is said 
to be the S'ukla. The word ‘phase’ is used to signify the 
ratio of the above width to the diameter. S'ukla ig 
expressed in angulas, whereas phase is expressed as a ratio, 
The S'ukla is equal to twelve times phase). Bhaskara 
rightly argues that this method of measuring the S'ukla 
18 approximate because he says that six angulas of S'ukla 
is had when the elongation is not 90°, but only 85?-45/, 
This may be sabstantiated as follows from fig. 116. Let 
E, M, S stand for the earth, Moon and the Sun. Let 


N 
EMS=90° so that it is a moment of dichotomy ie. the 
moment when the phase is half and the S'ukla 6 angulas, 
Let 6 be then the elongation of the Moon, so that 


EM mek 
cos 0 — ES aking the average values given for EM 


and HS by Bhaskara, 


515666 19 - 
689877 264 (obtaining a convergent) = .0748, 
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From tables, we find 8 = 85?-43! which Bhaskara takes 
to be 85°-45/, 


$ व 
h 


Fig. 116 


In the wake of this, Bhaskara tries to make amends 
in the approximate formula prescribed to obtain the Sukla, 
He prescribes addition of 4?-15/ to the longitude of the 
Moon in the bright half, and subtraction in the dark. In 
between the moment of conjunction and the moment of 
dichotomy, he derives the following formula (vide fig. 117). 


poc] 
"^ RE ३ a 


Fig. 117 


The deficiency of 4*-15/ is had in the form of the angle 
4. When the Sun is at 8, the Moon being at M,, it 
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is the moment of conjunction. When the Sun has moved 


^ 
from the point S, to Ss, S, E 8, being 90°, there is a 
deficiency of magnitude S, E S, In other words, when 
S, N has assumed the position S, E there is a deficiency 
of 4°-16! ie. for an increase of 90° of elongation, there 
is a deficiency of: 4°-16’ in the longitude of the Moon. 
Hence, for the Hsine to become the radius, there corres- 
ponds a portion E M, or S, N, which is the Hsine of 4°-15', 
so that the following rule of three is adopted. ‘lf the 
Sun’s distance E S, corresponds to the radius, what does 
EM, the distance of the Moon correspond to 2" The 


result is = x R, m and s being the respective distances. 


Then the following proportion is used “If by Hsin 
equal to R, ¢ being the Moon's elongation, we have m/s, 
what shall we have for an arbitrary H sin £?” Thus the 
answer i8 


H sin £ X mRs _ ; : ad 
ENIT = Hsing’. H sin (7 X Hsin $) 


where m and s are the distances of the Moon and the Sun, 
is to be added to the longitude of the Moon or to be 
subtracted as the case may be, to have the rectified 
longitude of ths Moon from which the phase is to be 
calculated according to Bhaskara. 


Here we are to offer the following remarks. No 
Bhaskara was correct in estimating the moment of 
dichotomy to be that when ¢ the Moon’s elongation is not 
90° but 86°-45. But the amended formula is not the 
correct mathematical form. The modern formula to find 


1+ cos EMS 
2 


the phase is aud since from fig. 116, SM is 


nearly equal to SH, so EMS is very nearly equal to 
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180-M B8, so that ir cos BMS EC EMS _ Leon MLB MES 
be taken to be an approximate truth. "This formula was 
indeed given by Lallioirya in the following verse, long 
before Bhaskara “ रविशीतकरान्तरांशजीवा विपरीता शशिखण्ड- 
ताडिता च, विहता ्रिभजीवधा सिते स्यात्‌ शाशळक्षमाङ्गवदङूगुळानि तस्मिन्‌” 
verse 12 (Candra Srngonnaiyadhikara). Here चिपरीता 
रचिशीतकरान्तरांशजीवा mean Hvera £ —|R—H cos £. शशिखण्डता- 
feat = multiplied by the radius of the disc of the Moon. 
विहृता Brasaat = divided by R. Thus the formula given 
(R—H cos £) _ d, 

R 2 


which may 


by Lalläcārya amounts to + 1—cos £) 


where r gives the angulas in the radius of the Moon’s disc 
and d the diameter, and 5 — elongation of the Moon. 
Since the definition of phase in modern terms is a ratio, 
namely the ratio of the maximum width of the crescent to 
the diameter, phase X d = Sukla of the Hindu astronomers 
1— cos +008 (elongation of the Moon) X d = Sukla 
= r (1—eos MES) as given by Lallacarya. So Lalla- 
oàrya's formula is quite correct. We shall trace Lalla- 
carya’s steps in- obtaining such an intricate correct 
formula which was overlooked by  Bhàskara. (Refer 
fig. 118) Let E be the earth, S the Sun and Ms, My M, 
etc. the positions of the Moon as the elongation 
gradually increases. No doubt the S'ukla increases with 
elongation as known to all Hindu astronomers.: But, 
the question is, does ft increase with the sine or versine ? 
"We know both the sine and versine increase with the 
angle.  Lallàearya noticed that Sm, Sm; Sm, as the 
Moon occupied positions M,, M,, M; etc., are the Hindu 
versines which are increasing. So he postulated that the 
S'ukla increases with the Hindu versine. His formulation 
was thus correct. But why Bhaskara overlooked this 
correct formula was traceable to his getting prejudiced 


Fig. 118 


against Lallàcarya's some other formulae which used the 
Hversine where he ought to have used the Hsine. For 
example in the case of the Valana Lallacarya’s mistake 
is traceable to his confusion as to whether he was to choose 
the Hsine or Hversine when both increase as the angle 
increases, 


Verse 7. Graphical depiction of the cusps. 


Fig. 119 
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Let in fig, 119, ST be the Bhuja, MT the Koti and 
8M the Karna formerly defined. As per verse (5) 
1 


= Valana where B = ST, K — SM, and 6 = MG «o 


that GE = ut — Valana, which is in practice drawn as E/G/ 
from the east point e, in the form of a Hsine. CG goes by 
the name Valanasütra. Compute the S'ukla in angulas 
after making the prescribed correction in the longitude of 
the Moon as stated by Bha:kara and dividing the elon- 
gation of the Moon, thereafter obtained, by 15. Mark off 
the Sukla in angulas along the Valanasttra from G. 
Suppose GD is the S'ukla. Draw the diameter AB 
perpendicular to the Valanastitra passing through M. 
Draw the circle circumscribing D, A, B. Its centre lies 
evidently on the Valanasütra, say C. The circle drawn 
is called Parilekha Vrtta, its radius CA is called Pari- 
lekhasutra and the point C Parilekha Vita Madhya. 
In the triangle CAM, which is right-angled CA is 
the Karna, AM the Bhuja and MC the Koti. CD is 
equal to the Karna CA so that MD = CD — CM = Karna 
— Koti = K—& (say). We have AM*— CA? — OM? = 
K? — ४ = 86 = B’; Hence K+ 4 = oy 
Here K—k = MD is known because GD the Sukla is 
p? 
Xs 
K—k and K--E, by using what is called Samkramaganita 
ie. by adding K+k and K —£, we have K and by sub- 
tracting we have k, Here the Koti CM is called Vibha 
and the Karna CD the Swabha. The Parilekhasütra or 
the radius of the Parilekha Vrtta being the Karna, the 
Swabha is thus the Partlekhasütra. 


= K+% is known, Thus knowing 


known. So 


In the wake of this exposition, the translation of 
verse (7) runs as follows. “ Let the compliment of the 
elongation (corrected as directed in verse (6) ) divided by 
16 be the denominator ; let the numerator be 36; take the 
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result after division and put it in two places; with thie 
and the complement of the elongation divided by 16, using 
Samkramagenita, we have successively Vibha and Swabha". 


Comm. Here, the meaning of taking the complement 
of the elongation and dividing by 15 is to obtain the 
90 =e — 6—e[15 = 

15 
MG —e/15 = MG —GD = MD where e is the elongation 
and e/18 is the Sukla. In other words, finding the Sukla 
by dividing the elongation by 15 and subtracting it from 
the radius to get MD is the same as taking the complement 
of the elongation and dividing it by 15 to obtain MD. 


magnitude of MD directly; for, 


Bhaskara quotes in the course of the commentary, 
the verse from his Leelavati, namely *' qarafaam कोरिकणान्न 
रान्तम्‌ द्विधा कोटिकर्णान्तरेणोनयुकतम्‌। sah ऋमात्कोटिकर्णो भवेताम्‌, 

B? K 
ह तोती 
since K'—Z' —B*, This situation arises when the Bhuja 
B and the difference of Koti and Karna ie, K -k are given 
and it is required to find K and k separately. 


£4 धीमताऽऽवेद्य equ योज्यम्‌” which means 


Verses (8) and (9). Draw a circle with radius 6 
angulas to represent the disc of the Moon. Mark the disc 
with the Cardinal points signifying the east, west, north 
and south, Compute the Valana as directed in verse (5) 
(which represents E/ G/ in fig. 119) and mark it offasa 
Hsine from the west point w in the last quarter and from 
the east point ¢ in the first quarter. From the centre M 
of the Moon's dise, mark off Vibha MC (computed as 
directed) along the join of MG’. With centre C and 
radius Swabha (already computed as directed) draw a circle. 
The spherical sector of the Moon’s globe thas demarked by 
the arc of the circle ADB namely AGBD is found to have 


the elevated cusp in the opposite direction in which 
the Valana has been marked, 
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Comm. The directions are clear in the wake of the 
previous commentary. In marking off the Valana, Bhas- 
kara says ' from the west in the last quarter and from the 
east in the first quarter’. In the first quarter, the Moon 
will be visible immediately after Sunset in the’ western 
sky and the illuminated part of the Moon will be towards 
the western side of the disc in which direction the Sun is 
situated. The eastern point and the western point of the 
disc are easily discernible on the background of the 
horizon. Drawing first the diameter ‘WE?’ of the disc 
along the vertical circle in case the Moon is due west or 
else along a small circle parallel to the prime-vertical called 
Upa-Vrtta, we have the east pointof the disc namely e 
vertically above the disc in the first quarter, (The figure 
119 is shown for the first quarter). Then we are directed 
to mark off the Valana E’ G’ in the form of a Hsine’. 
Since the Valana is already computed as directed in verse 
(5), to mark off this Valana we have to lay the scale 
perpendicular to WE. Such a point G/ on the circum- 
ference of the disc is to be marked from which the Hsine 
equals the Valana computed. It is to be noted here that 
if is not marking G/ E' from G’, for, G/ is not known, 
nor E’ for the matter of that, but locating G’ knowing 
the magnitude of the Valana. Though we happened: to 
mention before that GH is the Valana, in the light of 
what Bhaskara mentions in verge (8) we have to under- 
stand that in the first quarter, the practice is to mark 
off Valana from the point e marked on the disc before hand, 
Though it does not matter when we take EG to be the 
Valana E’ G’, we have to notice the practice followed. 
The direction given in the course of the commentary 
“ केन्द्राद्वळनोपरिवृत्तात बहिरपि खटिकया gagga” meaning 
thereby that from the point M, we have to mark off 
along MG’ where G/, is the point pertaining to Valana, a 
line with the help of a chalk and a fine thread, namely 
MC. This practice is still in vogue adopted by masons to 
draw straight lines. 

68 
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Th is interesting to note Bhaskara waxing poetic in 
the course of the commentary under these verses describing 
how the illumination of the Moon’s dise by the rays of 
the Sun is effected. The description is quite apt, inter- 
esting and scientific reminding us of Varahamihiracarya’s 
description in the verse सलिलमये दाशिनि etc. in Brhat- 
Samhità. Of course, following Varahamibira Bhaskara 
also takes the Moon’s globe to contain water within its 
bosom which Modern Science has yet fo confirm. 


Verses 10, 11, 12. The Koti and Karna defined by 
Brahmagupta, do not lead us to accordance between 
computation and observation to locate the cusps. I 
request good mathematicians to verify this carefully. In 
a place where the latitude is (90—w) = (90—24) = 66°, 
when the ecliptic coincides with the horizon, and 
when the Sun is in the beginning of Mésa which 18 
then rising in the east, and the Moon in the beginning 
of Makara, then the Moon is dichotomized by the 
meridian and the illuminated part of the Moon’s dise is 
towards the east. This does not hold good according to 
Brahmagupta's definition of Koti. because then the Bhuja 
as well as Koti according to his definition is equal to R. 
When the Bhuja is zero, the cusps will be horizontal, and 
when the Koti is zero, they will be vertical. Brahma- 
gupta’s Bhuja and Koti both being equal to R, the cusps 
therefore cannot be vertical which is against truth as 
stated above, Why should I make-vhis statement? May 
my homage be to those great, 


Comm. When the latitude of a place be 90—w, and 
when the ecliptic coincides with the horizon, it is clear 
that in whatever positions be the Sun and the Moon 
(assuming that the Moon is also approximately on the 
horizon) the cusps of the Moon are always vertical, there 
being Bhuja only and no Koti. But according to Brahma- 
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gupta’s definition of Karna, it will be in this particular 
case. NRL Rê = RN? so that the Koti will be 
4/9 R? - R? = JR’ =R, where the Bhuja also is R 
(projection of the line joining the Sun and the Moon on 
the north-south line. Though in the verse (11) above one 
particular position of the Sun and one of the Moon, are 
contemplated, the same argument holds good, says 
Bhaskara in the course of the commentary, whatever 
positions are occupied by the Sun and the Moon on the 
ecliptic. In this case there is only Bhuja existing aad 
no Koti, so that the cusps will be vertical. But in all 
these cases, there is Koti aecording to Brahmagupta’s 
definition, so that the cusps will not be vertical according 
to him, which is clearly against truth. 


Here we have to note that in the example cited by 
Bhaskara the Bhuja equal to R is along the north-south 
direction, and even though the Koti according to Bhàs- 
karajs definition is conceived to be vertical, the Karna ' 
according to Brahmagupta's conception being ES where 
Hand S are the east and south points, his Koti will be 
horizontal coinciding with OH, O being the centre of the 
horizontal ecliptic. Further according to 'Brahmagupta, 
the join of the cusps will be perpendicular to the Karna 
which does not therefore go against truth. Similarly in 
all the cases wherever be the Sun and the Moon on the 
horizon, Brahmagupta’s Karna being a line joining the 
centres of the disos of the Sun and the Moon, it will be a 
horizontal line and so the cusps could be vertical. It is 
not 0887 whether or not Bhaskara recognized this namely 
that the Karna and Koti of Brahmagupta in the cases 
cited above are all horizontal lines so that the cusps could 
be vertical even according to Brahmagupta. Thatis why 
he pays homage to Brahmagupta in the last line of (12), 
Probably Bhaskara expected that Brahmagupta’s Koti also 
should have been vertical as his. The fact that he 
recognized that Brahmagupta’s Koti will not be vertical 
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but inclined, is justified here since the Kotis in all the 
cases cited are all horizontal lines. 


In fact, as we stated before, even Bhaskara's analysis 
is not sound, for which reason, M. M. Sudhakara Dwivedi, 
wrote the booklet called Vastava Srngonnati based on 
modern lines. As this topic could be found in books of 
modern astronomy, we need not go into the treatment of 
Sudhakara Dwivedi here. 


Here ends the Srngonnatyadhikara 


GRAHAYUTYADHIKARA 


Verse 1. The mean diameters of Mars, Mercury, 
Jupiter, Venus and Saturn are respectively 4/-45/, 6/—15", 
0M Of B 


Comm.  Bhàskara gives us a method under verse (5) 
of Chandragrahapadhikara, as to how the angular diameters 
of celestial bodies were being measured with an instrument 
that we may call ‘protractor’, describing it as follows. 
“ यस्मिन्‌ दिने अकेस्प magen egi गतिः स्यात्‌ तस्मिन्‌ दिने उदयकाले 
चक्रकळाव्याखाधमितेन यष्टिद्वितयेत मूळ मिलितेन aqu zat तदग्राभ्यां 
विम्बप्रान्तौ विध्येत्‌ “ar यष्ट्यश्रयोरन्तरकलाः ता रविबिस्बकला भवन्ति 
मध्यमा: ie. On the day on which the true motion of the 
Sun equals the mean, in the morning, observe with an 
instrument having two equal rods jointed at one end (and 
the other ends being connected by a flexible protractor 
marked with minutes and seconds of arc) placing the eye 
at the joint of the rods, and the two rods pointing to the 
extremities of a diameter of the disc. The magnitude of 
the disc is then read on the protractor, which gives the 
mean diameter ". 


This method is alright so far as if goes. The measur. 
ing being done at the time of morning and that too 
with the naked eye might have been responsible for the 
exaggerated magnitudes of the diameters of the discs of 
the planets, as compared with their modern values. This 
kind of exaggerate estimate is due what is called the 
phenomenon of irradiation which increases the apparent 
size of a brilliant body when seen at some distance. Hven 
Tycho Brahe, an accurate and brilliant astronomer prior 
to the invention of the telescope gave estimates of these 
angular diameters which are nearly the same as remarked 
by Burgess in his translation of Stryasiddhanta under 
verses 13, 14 ch. VII. 
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Verse 9, These estimates being multiplied by the 
difference of the radius and Sighrakarna and divided by 
thrice the Sighra-antyaphlajya are to be added or sub- 
tracted from the mean values above given according as the 
Sighrakarna is less or greater than the radius to give the 
rectified values. Three minutes of arc are to be construed . 
as one angula in this respect, 


Comm, When the Sighrakarna equals the radius we 
know that the planet is situated at the mean distance. The 
word planet here stands, of course, for the Mandaspasta- 
graha which may be roughly taken to ba the mean planet, 
the equation of centre being small. If the Sighrakarna 
falls short of the radius, then evidently the planet is nearer 
the earth than the mean position so that disc of the planet 
appears to be bigger. Otherwise, the planet is further 
and ifs disc appears to be smaller. It was noted that 
approximately there was an increase or decrease i of the 
magnitude of the disc by the decrease or increase of the 
Sighrakarna by the antyaphalajya. Hence, in between the 
two positions, rule of three is used to obtain the magni- 
tudes as follows. ‘‘If by a difference of the Sighrakarna 
and radius equal fo the antyaphalajya, there is a difference 
of % of the actual magnitude, what would it be for an 


arbitrary difference ?" The answer is d X ix l d 
a Ba 


where d = Sighrakarna or radius and a the antyaphalajya. 
This difference is to be added or subtracted to the mean 
value, as the case may be. 


Verse 3 and first half of 4. To obtain the time of 
the conjunction of two planets, compute the difference of 
the longitudes of two planets, and divide by the difference 
of their daily motions. If one of the planets be retrograde 
divide by the sum of the daily motions. The result gives 
the number of days approximately after the moment of 
conjunction if the slower planet has a longitude falling 
short of that of the quicker. If one of the planets be 
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retrograde, and if its longitude be the lesser then also the 
conjunction was past by the number of days computed. 
In the other cases the conjunction is to take place after 
the number of days computed. If, however, both the 
planets be retrograde, then if the slower of theta has a 
longitude less than that of the quicker, then the conjun- 
ction is ahead, otherwise past by the number of days. 


Comm. Clear. In the case of one or both the planets 
being retrograde, the word ‘slower planet’ means that 
planet whose retrograde motion is slower and not the 
planet whose mean motion is slower. 


Latter half of verse 4 and verse 5. To rectify the 
moment of conjunction. 


Having computed the approximate time of conjun- 
ction, obtain the true motions of the planets pertaining to 
that day, rectify them for Ayana-Drk-Karma and following 
the process indicated in verse (3) above, again compute 
the moment of conjunction. (This will be a good approxi- 
mation). This conjunction will be one on the polar 
latitudinal circle. If Ayana-Drk-Karma be not done, then 
the conjunction will be on the circle of celestial latitude. 


Comm. Bhaskara says that the conjunction on the 
circle of polar latitude is preferred because this eould be 
observed as there is a star at the celestial pole and the 
movable circle of polar latitude could be moved into a 
position in which the two planets could be seen situated 
thereupon. The method of successive approximation is 
self-explanatory. Bhaskara, however, adds that when the 
conjunction is on the circle of celestial latitude, the 
planets will be seen to be closer. 


Verse 6 and first half of verse 7. To obtain the north- 
south celestial latitudinal distance between two planets. 
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Having computed the number of days by which the 
celestial latitudinal conjunction was past or is going to 
take place, let the common celestial longitude of the two 
planets be obtained by the method of successive approxi- 
mation for the moment of celestial latitudinal conjunotion. 
Let the celestial latitudes of the two planets be rectified 
for parallax in latitude as in the case of solar eclipse. The 
difference of these celestial latitudes in case they are of the 
same direction or the sum if, of opposite direction, gives 
the north-south distance of the planets with respect to the 
ecliptic. Having known the directions of the celestial 
latitudes with respect to the ecliptic, if the two celestial 
latitudes happen to be both south or both north, then the 
planet with lesser celestial latitude is said to be in the 
opposite direction with respect fo the other; that is, 
suppose both have northern celestial latitudes and suppose 
Pı has a smaller northern celestial latitude than p, then 
p, is said to be south of p,. Similar is the case if both the 
celestial latitudes happen to be south. 


Comm, Here Bhaskara does not specify whether he 
is talking of conjunction on a polar latitudinal circle or 
on a celestial latitudiaal circle, though the previous 
procedure indicated by him to obtain the moment of con- 
junction gives preference to polar latitudinal conjunction 
which is more easily observable. But, here, as he prescribes 
rectification of the latitudes for parallax in celestial 
latitude, we have to construe that he is speaking of 
conjunction with respect to celestial longitudes alone 
because, in the context of parallax, no method was indi. 
cated by him for parallzx in polar latitude, f 


Latter half of verse 7 and verses 8 and 9. Case of 
occultation, 


If the north-south celestial latitudinal distance 
happens to be less than the sum of the angular radii of the 
two planets, an occultation occurs (what we say ‘ eclipse ’ 
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with respect to the Sun and the Moon, holds good with 
respect to occultation). In this case of occultation, we 
have to reotify the time of conjunction with respect to 
parallax in latitude also, For obtaining this parallax in 
longitude, let the planet which is nearer the «earth be 
taken as the Moon and the other the Sun. But to obtain 
the longitude of the Vithribha, which is necessary to 
compute parallaxes in longitude and latitude, the lagna of 
the moment of conjunction is to be computed from the 
position of the Sun and not that of the planet assumed 
to be the Sun as directed above. Having obtained the 
parallax in longitude, the computed moment of conjun- 
ction is to be rectified for parallax in longitude, (if 
necessary by the method of successive &pproximation) to 
obtain the actual moment of apparent conjunction ie. 
occultation here. This procedure is worth-adopting only 
when the occultation in question takes place above the 
horizon and is observable. The north-south celestial 
latitudinal distance in this case of occultation corresponds 
to the celestial latitude of the Moon in the case of a solar 
eclipse. The direction of this celestial latitude is to be 
construed as that of the direction in which the planet near 
the earth is situated with respect to the other, If the 
planet which is nearer the earth happens to have a motion 
lesser than that of the other, or be retrograde, then the 
planet which is situated at a greater distance from the 
earth will be over taking the other so that the higher 
planet gets ocoulted in the eastern direction of its disc. 
Thus the first contact is fo be known to be in the east 
and the last contact would be in the west; (If otherwise, 
‘the other way). 


Comm, Self-explanatory. 


Here ends the Grahayutyadhikara, 


Bhagrahayuti (Conjunction of a planet with respect 
to a star) 


The longitudes of the stars (professed to be polar), 


The polar longitudes of the stars from Aswini includ- 
ing Abhijit are as follows. 


Rdm Edm 
Aswini 0- 8&- 0 Swati 6-19- 0 
Bharani 0-20- 0 Visakha T- 2- 
Krittica 1- 7-18 Antiradha 1-14- 5 
Rohini 1-19-18 Jyestha 1-19- 6 
Mrgasirsa 2-3-0 Mula 8- 1- 0 
Ardra 2-7-0 Purvasadha 8-14- 0 
Punarvasti 3- 8- 0 Uttarasadha 8-20- 0 
Pusyami 3-16- 0 Abhijit 8-25- 0 
Asresa . 9-18-0 Sravanam 9- 8- 0 
Makha 4- 9- 0 Dhanistha 9-20- 0 
Parvaphalguni 4-27- 0 Slatabhisak 10-20- 0 
Uttaraphalgunt 6-65-0  Purvabhadra 10-26- 0 
Hasta 5-20- 0 Uttarabhadra ll- 7- 0 
Chitra 6- 3-0 X Revati 0- 0- 0 


Comm. In the enumeration of these longitudes, 
Bhaskara makes three statements which we have to note 
(1) That these longitudes are rectified for Ayana-Drk. 
Karma ie. that they are polar longitudes, (2) That the 
longitudes of Krittica and Rohini are less by 32’, (The 
longitudes shown in the table above are those incorporating 
this Phe correction), (3) That the longitudes of 
Visakha, Antradha and Jyestha are to be increased by 6/, 


(This correction is also incorporated in the table 


ive 
above). iid 
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It is to be noted that these longitudes are the same 
given by Brahmagupta originally and copied by S'rīpati 
a8 well as the corrections indicated above. But herein a 
Mistake was committed as clarified by Bhaskara later in 
the end of the chapter namely that the polar longitudes 
are subject to what is called Ayanavikara though the 
celestial longitudes are not. We say that the celestial 
longitudes are not subject to such an Ayanavikara ie. that 
change due to the phenomenon known as the precession 
of equinoxes, because the Hindu system is Nirayana ie. 
reckons the longitudes from the first point of Aswini 
which is its zero point instead of reckoning from r. If 
longitudes are measured from 7, as 7 ia preceeding, the 
longitudes of stars will be steadily increasing all at the 
same annual rate of precession namely about 50-925" 
per year. These increasing longitudes of the modern 
system go by the name Sàyana longitudes. It might 
be thought that since the polar longitudes also are 
measured from Agwini and along the ecliptic like celestial 
longitudes, they also don’t vary like the Nirayana celestial 
"longitudes; but it is not so, because the effect of precession 
on the right ascension and declination of a star have 
both their effect upon the polar longitude as well as polar 
latitude. We oannot say that Bhaskara did not know 
this but we may say that the effect on the polar longitude 
and latitudes were construed by him as neglible and 
would be appreciable only in the long run. 


Verses 4, 6, 6. Sphutasaras or rectified latitudes 
of the stars. 


As wini 10°- 0 north Ardra 11 - O south 
Bharant 12°- 0 ,, Punarvast 6-0 north 
Krittica 4-30 ,, Pusyami 0-0 ,, 

Rohini 4 -30 south Agresà 7 — O south 


Mrgasirsa 10-0 , Makha O- 0 north 


Purvaphalgunil2 - 0 north Purvasadha 5-20 south 


Uttardphalguni 13 0 ,, Uttarisadàa 5-0 +», 
Hasta 11 - 0 south Sravanam 380- 0 north 
Chitra . Abhijit 62-0 ,, 
Swati 37°- 0 north Dhanistha 36-0 ,, 
Visakha 1-20’ south S'atabhissk 0 -20 south 
Antradha 1-45 ,, Purvabhadra 24- 0 north 
Jyestha 38-30 ,, Uttarabhadra 26-0 ,, 
Mula 8-30 ., Revati 0-0 , 


(a) These are also what were given by Brahmagupta 
and copied by Sripati, (b) Bhàskara mentions in the 
"1e. In as much as the stars 
are fixed we have given their latitudes and longitudes 
rectified. But here, there is a point to be noted as 
Bhaskara has put us in a doubt namely that the rectified 
latitudes which he Speaks of elsewhere under verse (3) 
Grahacchayadhikara, Ganitadhyaya are not exactly the 
polar latitudes spoken of here. (Ref. fig, 120). Let rMK 
be the ecliptic and rN be the celes- 
tial equator. Let S be a star, k be 
fhe pole of the ecliptic, and p be 
the celestial pole. Then rR is the 
celestial longitude, SR the celestial 
latitude which are known asthe 
Dhruvaka and Sara (Asphuta- 
sara). 7M. is the polar longitude 
and SM the polar latitude. MR 
is the arc connoting the Ayana- 
Drk-Karma correction, so that celestial longitude + Ayana- 
Drk-Karma correction=polar longitude (plus or minus 
according as the longitude lies in the 2nd and 4th 
quadrants or Ist and 8rd quadrants), If the longitude just 
equals 0°, 90°, 180° or 270°, the correction of 


Fig. 120 
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Karma vanishes. It must be noted here that when the 
longitude is 0° or 180° Ayanavalana is maximum but 
Ayana-Drk-Karma vanishes. There is no ambignity here 
in this polar longitude because Bhaskara is unequivocal in 
defining this. But under verse (3) Grahacchay4dhikara, 
Bhaskara means by Sphutasara SL and not SM but by 
Sphutagara here he means SM. It is ridiculous to suppose 
that Bhaskara did not know that 8 JR! —Ayanavalana is 


less than fj. This BNR a/R (a=Ayanavalanajya) he 
defined as Sphutagara there under verse (3) cited. SR is 
defined by him as Asphutasara or simply S'ara, Now here 
in the commentary he makes us believe that Sphutasara 
is SM which is the polar latitude. This confusion created 
by Bhaskara leads Ramaswarup the editor of Brahmagupta 
Siddhanta as well as one Mukhopadhyaya the author of the 
thesis, ‘Hindu Nakshatras’ to suppose that Bhaskara was 


wrong in supposing that BW R’-—a’> B. Bhaskara could 


not evidently commit such a silly mistake but we must 
infer that in that context he called SL as the Sphutasara 
which being added to Rn the Kranti or what is the same 
LN gives SN the Sphutakranti or the modern declination. 
Rn is called by him as Asphutakranti. In this context he 
calls SM as the Sphutasara since it is Dhruvabhimukba ie. 
directed towards the pole. Of course, Bhaskara should 
not have called both SL and SM as Sphutasaras but since 
he was deliberately defining the Sphutagara as SL previously 
and now as SM, and since he could not commit such 


a glaring mistake as to construe B rg as greater 


than B, we should not rush to pronounce that Bhaskara 
was wrong. Only we could say that he is inconsistent 
fo that extent. | 


7. The polar longitudes of Agastya (Canopus) 
is 87° and his polar latitude is 77 south. The polar 
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longitude of Lubdhaka (Sirius) 86° and ite polar latitude 
ia 40° south, 


Comm. Clear. The star Agastya is considered to be 
importent in Indian literature because the heliacal rising 
and setting of Agastya are directed to be noted and iu 
fact are being noted in every panchanga even today from 
times immemorial. Hven Kalidasa alludes to this helical 
rising of Agastya as inaugurating the S'arat-kala or 
autumn which was reiterated by Varala Mihira in his 
Brhat-Samhità under the verse “wnafa जलधरपक्ष्मक्षपाक्ररा- 
SUR HABA, उन्मीलयति तुरङ्गमकरिरथतीराजने कुर्यात्‌ ie. when 
Lord Vishnu whose eyes are supposed to be the Sun and 
the Moon and his eyelids the clouds, opens his eyes ie. on 
Kartica Ekadasi the llth day of the bright half of the 
lunar month of Kartica then Kings are directed to perform 
Nirajanavidhi for his horses, elephants and chariots (to 
start on an expedition for war). It is to be noted that this 
was 80 long ago in times of yore that Agastya used to rise 
at the beginning of autum. Now the star is rising about 
22nd August long in advance even in the rainy season. 
This is on account of the effect of precession of equinoxes. 


Verse 8. The Jsianadis for Agastya are said to be 
two, for Lubdhaka 24, for other stars which are next in 


size, 23 and for still smaller ones the Istanddis are to be 
taken still more. 


Comm. Istanadis ie. the time in nadis (where a 
is equal to 24/ of time) giving the time in between the 
rising moments of the star and the Sun, when the’star rises 
heliacally. In other words, let the star Agastya rise at a 
particular time ह. If the Sun rises at ¢+48’, then it is 
the time for Agastya to rise heliacally. This again means 
that if the Sun sets at time T and the star at T-+49/ in 
its diurnal motion, if is time for the star to set heliacally 
in the west, Similarly for the other stars. It will be 
noted here that stars set heliacally in the west and rise 
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heliacally in the east. This phenomenon has been long 
in the notice of even the most illiterate people of India 
from times immemorial, as they were used to get up from 
beds round about the time when a brilliant star rose 
heliacally and stood in the eastern horizon, shining for a 
good length of time before Sun-rise. Hach star of first 
magnitude thus played the part of a morning star for some 
time, though perhaps the illiterate folk mistake them to 
be the same star. Especially the brightest stars of the 
zodiac thus play the part of morning and evening stars, 
The case with respect to Agastya and Lubdhaka is different 
in that even though they are far away from the zodiac, 
yet they were noticed to be morning and evening stars by 
virtue of their being of the first magnitude af a spot of the 
sky in the vicinity of which no other such brilliant stars 
are there. This is the reason why panchanga—Computers 
have been in the habit of recording in the panchanga even 
to-date the heliacal rising and setting of Agastya, also 
because the heliacal rising of this star synchronized with 
the setting in of S'arat-kala or autumn, Since in India 
the lunar Kartica Ekadasi, ie. the llth day of the bright 
half of the lunar month roughly synchronized with 15th 
Nov., when the Sun rose far in the south of the horizon, 
this Agastya, though it be in the far south, happens to 
play the pari of a morning star and aboat the day when 
it rose heliacally, there were no more rains and waters of 
the rivers stood crystal-clear as described by many a 
Sanskrit poet like Kalidasa (vide the famous verse of 
Kalidasa प्रससादोदयाद्स्भ कुम्भयोने महौजसः 4th canto Raghu- 
vams'a) 


The star Lubdhaka or Sirius, the dog-star as it is called 
in English parlance also was conspicuous as a morning 
and evening star, whose heliacal rising was noticed and 
recorded by English poets like Shakespeare and Milton. 


Since one nàdi corresponds to 6°, two nādis correspond 
fo 12°, degrees, which are spoken as Kalameas for the 
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heliacal rising of Agastya. They are so termed, because 
they indicate the Kala or the time in between the rising 
of the star and the Sun which signifies the moment of its 
heliacal rising. Indirectly therefore these Kalamsas indi- 
cate which star is of which magnitude, A star which has 
1% as Kalamsas is therefore of first magnitude; and as, 
the Kalamsas increase, the magnitude also increases. It 
will be rembered that the higher the magnitude of a star, 
the fainter it will be and not the brighter as is likely to be 
misconstrued by lay people. 


Verse 9. To compute the moment of conjunction of 
a planet and a star. 


The Ayana-Drk-Karma is to be done as mentioned 
before (with respect to the planet) and the Sphutagara is 
to be computed to know the time of (polar latitudinal) 
conjunction. 


Comm. Weare directed to use the polar longitude 
and polar latitude with respect to the planet because this 
kind of conjunction will be more conspicuous than a 
celestial latitudinal conjunction because the Ecliptic is 
far more inclined than the Equator with respect to the 
horizon. 


Verses 10, 11. 


The difference in the longitudes of the planet and the 
star, divided by the daily motion of the planet, gives the 
number of days approximately after or before the moment 
of conjunction. ° 


If the planet be retrograde, the conjunction past or 
future will be in the reverse ie. future or past. 


Comm. Let xandy be the polar longitudes of the 
planet and the star and let z<y. Since y is constant as 
the star has no motion, c has to increase to the extent of 
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y to be in a polar latitudinal conjunction. Hence (y—z) 
is to be covered by the planet as per its daily motion say 
m. So the number of days that is to elapse for conjun- 


, . YT ; , 
ction is eres If x>y, then the conjunction was past by 
a—y/m, If, the planet be retrograde and <y, the con- 
junction was past by © days and if #>y, the planet 


being retrograde, the conjunction is to take place in प्र 
1 


Note. Though Bhaskara does not mention here 
Asakri-Karma ie. method of successive approximation, it 
is implied because the motion of the planet differs from 
moment to moment as well as its Sphutasara. Hence 
having obtained the approximate moment of conjunction, 
compute again the true motion of the planet at that 
instant, as wellas its Sphutasara and Ayana-Drk-Karma. 
The latter ie. Ayana-Drk-Karma is to find the polar 
longitude from the celestial and the Sphutas'ara is the polar 
latitude ie. SM of fig. 120. The Sphutasara is required 
for the purpose of finding the distance in between the 
planet and the star on a polar latifudinal circle and not to 
compute the moment of conjunction. 


Verses 19, 13, 14. To compute the moments of 
heliacal rising and heliacal setting of a star. 


Compute the Udayalagna and the Astalagna of Agastya 
and Lubdhaka doing Aksa-Drk-Karma alone. Assuming 
the Udayalagna to be the Sun, compute the lagna for the 
Ista-kala nadis (ie. after a lapse of Jstanadis after the 
moment) given before (namely 2 nàdis for Agastya and 
34 for Lubdhaka) which will be the longitude of the Sun, 
when the star (Agastya or Lubdhaka or whatever it be) 
rises heliacally. Thus the Udayarka is a point of the 
ecliptic which rises when the star rises heliacally. 

65 
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Having computed the Asta-lagna of the star, taking 
it to be the Sun, compute the lagna in the reverse direction 
ie. the lagna which preceeds it by the Ista-kala given. If 
this lagna be decreased by 180°, it will give the longitude 
of the setting Sun at the time of the heliacal setting of the 
star. Or again find the longitude of the point of the 
ecliptic which is ahead of the Astalagna which takes (60— 
Istanadis) to rise after the Astalagna; this longitude 
decreased by 180° gives the longitude of the setting Sun 
at the time of the heliacal setting of the star. The heliacal 
rising or setting takes place when the longitude of the Sun 
equals the longitude of the point of the ecliptic which is 
technically called the Udayarka or fhe Astarka respectively. 
The difference between the longitude of the Sun and that 
of the Udayarka or the Astarka divided by the daily motion 
of the Sun gives approximately the number of days that 
have elapsed or are to elapse for the heliacal rising or 
setting 88 the case may be, 


Comm. Here we are to carefully differentiate between 
the technical words (1) Udayalagna of the star, (2) Asta-, 
lagna of the star, (8) Udayarka and (4) Astarka of the 
star. The word Udayalagna means that point of the 
ecliptic which rises simultaneously with the star. The 
word Astalagna means that point of the ecliptic which is 
rising when the star is setting, The word Udayarka means 
that point of the ecliptic which rises when the star rises 
heliacally. The word Astarka means that point of the 
ecliptic which is setting while the star sets heliacally. Thus 
the four points are only points of the ecliptic. 


LÀ 


Let A be the Udayalagna of a star on the circle CAB 
which is the ecliptic. We know that the position of the 
star should be above fhe eastern horizon, to rise heliacally, 
by such a distance that the time in between the rising of 
the Udayalagna and that point of the ecliptic which will 
be rising when the star rises heliacally must be the Ista- 
kala nadis. Let B bea point ahead of A on the ecliptia 
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` Ca such that the time in bet- 
© ween the rising of B and 
e the rising of A is equal to 


the Ista-nadis. By the time 


A e B rises, A will have gone 
P | up a little above the eastern 
c^ horizon, as well as the star 


that has risen along with A 
and now the position of the 
star is such that the time 
in between its rising and 
Fig. 121 the rising of B is equal 
to the Ista-nàdis. Hence 
B, which is & point of the ecliptic is termed Udayarka 
signifying thereby that when the Sun coincides with B, 
the star rises heliacally. Thus the Udayarka B is ahead 
of the Udayalagna A and the time in between their risings 
is equal to Ista-nadis. 


Let now A’ be the Astalagna ie. the point which rises 
when the star sets. This point will not be, generally, 
diametrically opposite to A because, the fime between the 
rising and setting of a star which is given by double the 
rising hour-angle will be far more than half a sidereal day 
when the star has a large northern latitude and in the case 
of one having a large southern latitude, the time will be 
far less than half a sidereal day. 


From A’ find C’ which is behind A’ such that the time 

.in between the rising of A’ and C' is equal to Ista-nadis. 
Then the point C diametrically opposite to C’ namely C is 

called Astarks ie. when the Sun is-at C the star sets helia- 

cally in the west. It is so because, when the Sun is on 

the western horizon setting at O, C’ will be the lagna and 

when the star is setting A’ is the lagna and as these two 

lagnas .differ by Ista-nadis, the time between the Sun’s 

setting and the star's setting is also equal to Ista-nadis. 
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In other words the star is within the Ista-nadi distance 
from the Sun and as C is behind A by Ista-nadis, the 
setting Sun at C will be behind (ie. has a lesser longitude) 
the setting star by Ista-nadis. Hence the star sets then 
heliacally. Thus we see that the Udayarka and Astarka 
given by the points B and C are respectively in advance 
(ie, has a greater longitude) amd behind (ie. has a lesser 
longitude) of the Udayalagna and Astalagna removed Ly 
an Jsta-nadi distance. Jt will be noted that the arcs AC 
and AB are not equal though the equatorial ares corres- 
ponding to them are equal 


Instead of finding © from A!’ by the Vilomalagna 
method and taking its diametrically opposite point, Bhas- 
kara gives an alternative namely to find C from A’ by the 
Kramalagna method the time being (60-Ista-naddikas), 
This is evident. 


Bhaskara prescribes only Aksa-Drk-Karms to be per- 
formed here in finding the Udayalagna and Astalagna of 
the star because the star's polar longitude is already one in 
which the Ayana-Drk-Karma is contained. 


Thus from fig. 121, when the Sun-rises at A, the star 
rises, when the Suns rises at B the star rises heliacally 
and when the Sun sets at C, the star sets heliacally. 


Verse 15. If in the case of a star, the Astarka 
happens to have a longitude greater than the Udayarka on 
account of a very big northern latitude, that star does not 
set heliacally (and so the question of heliacal rising does 
not arise), 


Comm. In Fig. 121, the Astarka C happens to have 
& longitude less than that of B (because CAB is the dire- 
ction of increasing longitude ie, positive direction). At 
times it so happens that C lies towards the positive 
direction of B ie. it has a longitude greater than that of B. 
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This happens when the star has a long northern latitude 
and therefore the Akss-Drk-Karma correction will be 
sufficiently large and the star has a small north polar 
distance. This may be substantiated as follows. 


A 


Fig. 122 


^ We have the formula cosh = — tan dj tan 6 which 
gives the rising hour-angle of the star. When ò is nearly 
equal to 90—@, then cosh will be nearly equal to '—1' 
which means that the rising hour angle is nearly equal to 
180°, ie. the duration of the star’s stay below the horizon 
will be very small. This means A’ approaches A very 
nearly (fig. 121), for example when if is in the position A,’, 
Then let C, be the point which is behind A’ by Ista-nadis 
so that O,’ the diametrically opposite point C, is far ahead 
of B in stead' of preceeding it. This means that the star 
which should first set heliacally and then after a few days 
rise heliacally, is now in such a position that it is to rise 
heliacally even before setting heliacally. This is an un- 
fenable position. That this is not tenable may be seen 
otherwise. The diametrically opposite point of Astalagna 
ie. the point C of the ecliptic which should set along with 
the planet should have a longitude less than that of the 
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Astarka C,; but C, will bave now a longitude less than ७ 
which is incongruous. 


In such a situation, Bhaskara says, there is no question 
of the star setting heliacally at all. This is indeed, an 
ingenious mathematical presentation of a physical pheno- 
menon, which reflects credit to Bhaskara's genius. | 


Verse 16. Circumpolar stars or Sadodita stars. 
If a star has a northern declination greater than 


90—¢ (ie. $7 90— 8) it will be always above the horizon; 


mn iiri 


a star will never be seen in a northern latitude, be it 
Lubdhaka or Agastya or even a planet for the matter of 
that. 


‘Comm. (Vide fig. 122) Let S, be a star such that 
PS,/<PN ie. 90—-8<4¢ ie. 97 90— d$. It is olear from the 
figure that its diurnal path is entirely above the horizon. 
It is called a Sadodita star or circumpolar. 


Take the case of S,. Its southern declination ie. QS, 
is greater than the lamba (90—4) ie. QS. It is evident 
from the figure that its diurnal path is entirely below 
the horizon. 


Bhaskara gives two examples here namely (1) where 
the latitude is greater than 37°, there Agastya will not be 
visible (having a great north-polar distance), (2) where 
the latitude is greater than 62°, thére Abhijit is always 
above the horizon (having a small north-polar distance). - 


Bhaskara adds, ‘even a planet’. This will be true, 
for example, in a high latitude say 89°, Suppose the 
southern declination of a planet is greater than 1°, On 
that day and for some more days also, the planet’s diurnal 
paths will be below the horizon as will be clear from a 
figure, 
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Verses 17 to 91. Ancient astronomers happened ‘to 
give a list of polar longitudes and polar latitudes at a time 
when there were no Ayanamsas ie, when the zero-point of 
the ecliptic as taken by the Hindu Astronomers namely 
Aswini coincided with the modern zero-point namely r. 


, In fact these polar longitudes and latitudes do change 
if there be Ayanadmsas. Here in this case from the polar 
latitudes the celestial latitudes are to be computed in a 
reverse process; with the half of tbese celestial latitudes, 
the Ayana-Drk-Karma is to be effected in the reverse 
process tio obtain the celestial longitudes. After having 
obtained the correct celestial longitudes and celestial 
latitudes, now, bringing the Ayanàmsas into the picture, 
compute the correct Drk-Karma and also rectify the 
celestial longitudes, to obtain the correct polar longitudes 
and polar latitudes to compute the moment of polar 
latitudinal conjunction. This case may be taken when the 
Ayanamsas are large, otherwise, a small difference there 
will be, (which does not matter). 


Comm.  Bhàskara gives the process in the course of 

the commentary. We have the formula 
Asphuta Viksepa X Yasti 

Radius 
Here we know Sphuta Viksepa. At once, we could not 
Sphuta Viksepa >< Radius 

Yasti 
computing Yasti from the modern Ayanamsas. Yasfi is 
a function of declination too, because the Ayanavalana is 
a function of declination. We know, the declinations 
change in the wake of precession of the equinoxes. So, 
there is no point in taking the value of the present Yasti. 
We should compute it for the Ayanastinyakala or for the 
time when Aswini coincided with 7. Then the formula 
could be applied. Then with this celestial latitude obtained, 
Ayana-Drk-Karma is to be effected to obtain the present 


Sphuta Viksepa = 


say Asphuta Viksepa = 


^» 
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polar longitude, using the modern Ayanāmsas. Since in 
this process, we have no definite knowledge of the then 
celestial longitude ie.“ of the Áyanasünyakala, the method 
of successive approximation is appealed to. 


But this method of Bhaskara | 
may be modified to an easier pro- 
cess as follows. Let rL, LS be 
the polar longitude and polar lati- 
tude of a star as given by Acharyas 
in whose time the Hindu first 
point of the zodiac coincided 
with r. It is required to ind rN 

Fig. 123 and NS the celestial longitude 

and latitude which hold good even 

today beoaus rN and NS are the same as AN, AS, A being 
the first point of Aswini and a celestial longitude measured 
from A along the ecliptic is not subject to change on account 
of precession of the equinoxes as well as the celestial lati- 
tude, From the spherical triangle rLM, cot rLM = cos rL 
tano (1) and from the triangle SNL, tan LN = 


^ 
cos SLN X tan SL — eos rLM tan SL, (4) and sin SN — 
sin BL X sin SLN = sin SL X sin LM (5). From (1) 


^ 
the angle rLM is obtained; substituting ‘this value in (2) 
and (3) LN and SN are obtained. Adding LN torL we 
have +N, 


Thus the celestial longitude and latitude are found 
far more easily and more accurately than from the 
laborious method indicated which gives only approximate 
results, 


Here ends the Bhagrahayutyadbikara, 


PATADHYAYA 


Verse 1. Even scholars get confused while computing 
_the occurence of a Pata, unable to know whether it has 
already occurred or is going to occur. So, I seek to clarify 
the method of computing the moment of occurrence of a 
pata 


Comm, (1) There are what are called pitas, two in 
number, called Vyatipdta and Vaidhrti, The first is 
defined as occurring at that moment when the Sun and 
Moon have equal declinations, being situated in opposite 
Ayanas but the same gola. The words Uttarago]a and 
Daksinagola are used by Hindu Astronomers as the 
northern and southern halves of the celestial sphere on 
either side of the celestial equator, respectively; where as 
the words Uttara-Ayans& and Daksina~Ayana are used fo 
connote the times when the Sun or Moon have tropical 
longitudes (measured from r instead of Aswini, the zero 
point of the Hindu Zodiac) one lying between Capricorn 
and Cancer, and the other lying between Cancer and 
Capricorn. Thus Vyatipata occurs when the Sun and 
Moon each lies in one of the first or second quadrants of 
the ecliptic measured from r or each lies in one of the 
third or fourth quadrants of the ecliptic; (both should not 
lie in the same quadrant) and have equal declinations. 


The second Pata Vaidhrti ocours when the Sun and 
Moon have equal declinations, they being situated in the 
same Ayana but opposite golas. These two moments are 
considered to have malefic effects on humans and the world 
of life. Though the moments are to be computed by a 
knowledge of spherical astronomy, they have only an 
astrological significance. A chapter, usually the last, has 
been devoted to this subject in every book of Hindu 
Astronomy. The method of computation was felt difficult 
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by the ancient Hindu astronomers, before the time of 
Bhiaskara, for the reason that the Moon does not exactly 
move in the ecliptic but in his own orbit whose inolination 
bo the ecliptic was taken to be 44°. The points of interseo- 
tion of the ecliptic with the lunar orbit, or what are called 
Rabu and Ketu, the nodes of the lunar orbit, have 
themselves a motion backwards on the ecliptic in 18.59575 
solar years as per Bhaskara. This makes the lunar orbit 
oscillate about the mean position of the ecliptic, so that 
sometimes the lunar orbit lies between the celestial equator 
and some-times not between them. This phenomenon 
makes the computation more difficult, to obtain the 
declination of the Moon. Bhaskara says that even great 
Acaryas like Lalla and Brahmagupta went wrong or got 
confused in computing the moments of the occurence ofa 
Pita. Bearing upon Bhaskara’s statement that such Acaryas 
also got confused, some second-rate astronomer exclaimed 
in the following interesting manner “ जिस्कन्धविद्याकराळेकमल्लो 
भूतः पिकिञ्चि 

ie. " when even an unrivalled scholar like 
Lalla, who was well-versed in the three branches of 
Jyotisa betrayed his ignorance in this context of Patadhi- 
kara, though Iam a bit of a mathematician, I could have 
no pretensions to any knowledge in this difficult chapter ”, 


In Fig. 124, Vyatipata occurs when SL=MN, where 
S and M are the Sun and the Moon situated respectively 
in Uttardyana and Daksi- 
nayana but in the same 
uttarago]s. The positions 
of S and M could be 
interchanged ie. S may be 
in the second quadrant of 
the ecliptic and M in the 
T first quadrant and if their 


declinations be equal, then 
also Vyatipata occurs. Of course in this figure 124, we 


have taken the Moon algo situated on the ecliptic. Ip 
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actual computation, we should not take the Moon as such; 
The pata named Vaidhrti occurs when in the same Fig. 
124, SL=M'N', Herein both the Sun and Moon are in 
the same Ayana namely Uttarayana but in opposite go]as. 
If we assume the Moon to be moving on the ecliptic, 
Vyatipata occurs when the sum of the tropical longitudes 
of the Sun and Moon equals 18)? and Vaidhrti occurs 
when the sum of those longitudes is equal to 360. 


Verse 2. Definitions of Gola-Sandhi and Ayana- 
Sandhi with respect to the Sun. 


When the tropical longitude of the Sun ie. his 
longitude measured from r along the ecliptic is equal to 
0° or 180°, then he is said to be at his go]la Sandhi. In 
other words, when the Sun who moves along the ecliptic 
comes fo the celestial equator, be will be at his Gola 
sandhi. Similarly when his longitude is 90° or 270°, he is 
said to be at the his Àyana-Sandhi. 


Comm. This means that when the Sun is about to 
pass from the Daksipa gola to the uttarago]a or from the 
uttaragola to the Daksipago]a he is said to be at a Gola 
Sandhi. Similarly when he is about to go south or when 
he is about to go north, he is said to be at Ayana Sandhi, 
The word ‘Sandhi’ means junction. Thus the points r and 
= (Libra) are said to be gola Sandhis whereas the points 
denoting Cancer and Capricorn are Ayana~Sandhis, Since 
in Bhaskara’s time the Ayanamsas were 11°, ie. the point 
* was behind the zero point of the Hindu Zodiac by 11°, 
therefore Bhaskara gives the Gola Sandhis as the points 
having longitudes 349° and 169° respectively. Similarly 
the Ayana Sandhis were the points having longitudes 79° 

nd 259° respectively 


Bhiskars gives the method of locating these go]a 
or Ayana Sandhis as follows. Erect a gnomon 
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vertically with the help of a plumb-line. Draw a circle on 
the horizontal plane having the foot of the gnomon as the 
centre and any arbitrary radius. Draw the East-West and 
North - South diameters of the circle. The longitudes of 
the Sum when the shadow of the gnomon lies along the 
East - West diameter give the goja Sandhis. Note the 
direction of the shadow daily after the day when his 
shadow is along the Hast - West line. If the Sun rises 
thereafter a little towards North of the Hast point, then he 
is said to be in the uttara go]a; his shadow will be a little 
south of the East. West line. The point at which the 
Sun thus begins to rise north of the east point, is the Mesa 
gola Sandhi or the vernal equinox. Gradually the Sun 
goes on rising at points which are farther and farther away 
from the East point. When he has reached the extreme 
north point, ie when the gnomon’s shadow is extreme 
south, he is at the Cancer. Similarly when he rises at the 
extreme South point on the horizon, he is at Capricorn, 
Bhaskara actually noted these four points and the longi- 
tudes cited above were given by him as the Gola Sandhis 
and Ayana Sandhis. Indirectly, he could know that 
the Ayanamsas at the time of his writing the book, 
were 11°. 


Verses 3 to 6. Speciality with respest to the 
Moon. 


Let the Hsine and Heosine of the tropical longitude of 
the pata (Rahu the ascending node of the lunar orbit) as 
per the smaller table of Hsines when the radius is taken to 
be 120’, be respectively multiplied by 123 and 7 and 
divided respectively by 4 and 12. The results are known 
as the Bahuphala and Kotiphala respectively. According 
as the tropical longitude of Rahu ie a be such that ag 
270° < à < 90° or 90°< a < 270°, the Bahuphala is to be 
divided by 362 + Kotiphala. Subtract the result from 
the Goja Sandhis and Ayana Sandhis of the Sun, to get 
those of the Moon. 
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Comm, from the Hindu Astronomical point of view 
this is an intricate procedure which made that particular 
half-learned astronomer declare “ पाताधिकारे मम नाऽधिकारः ” 
ie. “I have no pretensions to have understood the 
chapter known as Patadhikara’’, We perceive herein 
Bbàskara's mathematical understanding of the problem. 
His procedure is approximate because he uses (1) the 
smaller crude table of Hsines taking the radius to be 120/ 
instead of 3438. (2) also because he gives the Sun’s 
declinations for longitudes 15°, 30° etc. as well as Moon’s 
celestial latitudes for his longitudes of 15°, 30° ete. 
relative to the node in his orbit. Of course, his mathema- 
tical procedure was correct. 


He exemplifies his mathematical procedure by solving 
a problem given in the prasna-Adhyaya of his book 
Go]idhyàya. The problem set by him is as follows. 


नांशो5शशत शशी 


je. If the tropical longitude of the Moon is 100°, that of 

the Sun 80°, and the longitude of the Moon measured in 

his orbit from the Node Rahu is 200°, compute the moment 

of the occurence of the pata, if you know what was said by, 

Lalla in his work Sisya dhivgddhida, We shall first 

understand Bhaskara’s mind and subsequently we shall 
a modern procedure. 


Fig. 125 


Refer to fig. 125. Gr NK is the celestial equator. RrL 
is the ecliptic and RGAM the Moon's orbit where R is the 
Rabu or ascending node of the lunar orbit. Let the 
obliquity of the ecliptic be e (omega) and the inclination 
of the lunar orbit to the ecliptic be, e was taken to be 
24? and 441? by Bhaskara. Let the lunar orbit RGAM 
cut the celestial equator in G which is called the Moon's, 
Gola Sandhi. 7 is the Sun's Gola Sandhi. Bhaskara first 
wants us to locate G ie. to find rQ which gives its longitude, 
Let A be the position of the Moon when his celestial 
longitude is zero ie rA is perpendicular to the ecliptic. 
Let M be the position of the Moon when his celestia] 
longitude is 15° (Here the figure is not drawn to scale but 
a little exaggerated for the sake of clarity). Let ML be 
the celestial latitude of the Moon inits position. M. If 
LK be drawn perpendicular to the equator, LK is called 
the Asphuta-kranti of the Moon. ML is called the 
Asphuta-Viksepa of the Moon. MN drawn perpendicular 
to the celestial equator ie. the declination of the Moon ig 
called Sphutakrünti of the Moon. Draw perpendicular LS 
‘on MN. Then MS is called the Sphuta Viksepa of the 
Moon. Since MN = Ms + LK Sphutakranti = sphuta 
Viksepa + Asphutakranti. Let Ap be the declination of 
the Moon when his longitude is zero. , 
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Fig. 126 


Now refer to fig. 126. Let NS be the ecliptic and 
NM the celestial equator. The quadrant NS equal to 90° 
is divided into six equal parts at S,, S, etc. The successive 
declinations of S, S, eto. are given by Brahmagupta as 
362, 103, 1002, 1238, 1388, 1440 where the radius is given 
to be $438’. In other words 1440=H Sin w = H Sin 24°, 
These can be easily verified from the formula 


TESI 4 xH 


putting 4 = 16°, 30° eto. and R == 3438’, 


L5 


Pig. 127 


Now refer to fig, 127. R M is the lunar orbit, R being 
Rabu. RL is the ecliptic. Using the formula. 
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H Sin AX H Sin i HBinaXí 
soi — dem oem 120 


since p and 4 are small and R is taken to be 120’, we have 
the sucogssive values of M,L,, M,L, eto. of the celestial 
latitudes of the Moon for arcs RM, RM, etc. successively 
equal to 16°, 30° etc. given by 70, 135, 191, 234, 261, 
270, In other words the maximum celestial latitude -is 
270! = 44°, 


Since when a = 16°, taking R = 120 8 = 70’, the first 
Sarakhanda ie the celestial latitude for a = 15°,. is 70/ 


Hoos xT Bhaskara Calls Kotiphala. 


It will be noted here that the first S'arakhanda is 
taken to mean the increase in the celestial latitude 
from zero to 70’ when the longitude increases from 
0° to 16°. The argument adduced by Bhaskara in 
such a context is as follows: “If for a H Cosine 4 
equal to R equal to 120’ (when 4 = 0) we have the first 
Sarakhanda namely 70’, what shall we have for an 


arbitrary H Cosine 4". The result is cos AX TO _ 
az H cosa. Since the word Cosine means Kotijya, 
Bhaskara calls this Kotiphala. 


Now in fig. 125, let rL = 16°, then LK —369' as given 
by Brahmagupta.  Bhaskara takes this 362 as A (®) where 
8 is the declination of the foot of the celestial latitude of 
the Moon. Then if £ be the celestial latitude of the Moon, 
Bhaskara construes that A 8 is given by thé formula yy 
H Cos a, which he calls Kotiphala. Taking ABH a 8 a8 
the joint variation of 8 and fj which is roughly equated 

“with the variation in the modern declination MN of the 
Moon, Bhaskara's argument is “If for a longitude r M —15? 
of the Moon corresponds AS + A p what should be the 
longitude corresponding to the declination Ap of the Moon 
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when his longitude is equal to zero?" The result is 


META: X 1^ 

A0 tA " 

where rQ 13 looked upon as the longitude of the Moon at G 
called the Gola Sandhi of the Moon x 


But AP = the Spbuts Viksera of the Moon when his 
longitude is equal to zero where rA is the Asphuta Viksepa 
at that point, Using his method of calculating AP from 


Ar, Ap : Sas : cos 6 where 
eee H sin w mM (90 + a) | 


AP pertains to the longitude 4 equal to zero, so 

in f p? it 
that H sin ठे = Mento X iein e ~~ 
H cos ò = H cos w = H cos 24° = 110 when R = 120 


= H sin w. 


But Ar is the celestial latitude of the Moon to be 
osloulated from RA taken to bea 

rÀ = H S 470 9 H gin à (where 270/ = 44°==7) 
taking R=120 .. Ap=%Hsina X YF. Hence 


rQ from I = $1 sina X 1$ X => 


B TUE 135 D 1 ri H sina. This has to 
‘be divided by A8 + AB. In the problem given. a= 100° 
and AB is taken as 362. To obtain A5 Bhüskara adduces 
the argument “If at 4 = 0, the first Sarakhanda of 70 
corresponds to H oos 4 = 120’ what amount of Sara- 
khanda corresponds to an arbitray H cos A?" The result 


is H cos 1 X 70 m J4 H cosa. This he calls Kotiphala 


because it is based upon H cos 4 which is the Kotijya 
67 
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Thus in the given problem where 4 = 100°, 
H cos 100° = va X 21 (since H cos 109 = — H sin 10 = 
-- 190 x ‘1185 = — 21 approximately where R = 1207) 
= — 12-15” .. A8 + AB = 362 — 12-15 = 349-45. 


3 x 118 
Now +22 H sin 4 to be divided above = DL 
= 3625/-30", 
1 8698'—-20/ 


so that 222 H sin a X AS EAR Aa 

= 10?-29/-28" = 
= rQ. Now r's longitude from the zero point of the 
Hindu zodiac is 11 Ràsis 19° so that Q's longitude = 
11 R-19? minus 10°-22/-25” = 11 Rasis 57-31/-32". This 
gives us the longitude of G which is called the Moon's 
Gola Sandhi. Adding 8, 6, 9 Rasis, we get successively 
the first Ayana Sandhi, the other Gola Sandhi and the 
second Ayana Sandhi of the Moon. 


(1) Bhaskara overlooked a crudeness in his proce- 
dure namely that AR is perpendicular to the ecliptic. 
whereas AQ is perpendicular to the celestial Equator, but, 
since Af is snall, he overlooked the nicety. Strictly 
speaking A B should have been corrected for Aj anavalana. 


(2) There is also crudeness in computing 
or arcs of 15°, whereas they should have been doné 
for inorca-e of every degree in the longitude, He could 
have done that, because at the end of the Goladhyaya he 
gave th» method or computing the H sines for every degree 
under the caption प्रतिभागज्परकाविधि 


We shall now give a modern method of computing 
the value of rQ. From the spherical triangle RrA, where 


^^ 
R= 1005, R = 4 = 43, we have 
tan 7A 


in 100 = ——— 
Ne tan 4% 
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log tan rA = log cos 10 + log tan 44? 
= 99934 4-588960 = 8'8894  .. rA = 4°-26, 
From the spherical triangle rAG, 


tan 7A t 
cos ४0 = 
= tau Qr 


log tan Gr = log tan rA — 
log sin w = 8:8894 — 9%;093 
= 92801, Again from the spherical triangle rQG, 
fan TQ l 
tau Gr 


log tan rQ = log tan Gr + log cos w 
= 9°2801 4- 099607 = 9 2418 
Q = 10°~5’ whereas Bhaskara got 10?-22'-98", 


COB w 


how Bhiskara was correct mathematically. 
The small diference there is, due to his taking Haines for 
aros of 15? instead of for swaller arcs. 


Note. In the commentary called Sikba of one Sri 
Kelara Datta Josi (pago 357) wa find a mistake committed 
namely that he subtracted 3 R-10° the longitude of the 
pata which is in Risis and degrees from the Sphutakranti 
84,'-45",. What Bhiskara meant was, that since the 
longitude 100° exceeds 99°, the cosine will be negative 
which therefore entails A to be subtracted from 


Verse 7. How to know the occurrence of a pata. 


If the Sphutskránti of the Moon, when it is 
be less than that of the Sun, then there could be no 
oooasion for their declinations to become equal in tha 
near future. 


Comm. The sijuation in which the maximum deoli- 
nation of the Moon falls short of that of the Sun, arises 


when the lunar orbit comes in between the celestial 
Equator ‘and the ecliptic, This situation, in its turn, 
depends upon the position of Rabu. Since Rabu’s sidereal 
period amounts io nearly 18} years, the lunar orbit 
happens to take its position in between the celestial 
Equator and the Koliptic for sufficiently a long period as 
shown below. 


That Bhaskara could visualize this, reflects credit 
to his genius. This is why he formulated Ad + AB 
stressing upon the plus or minus sign. 


P a... 
get 


aa : dá is ell 
529908 EE 
arg Ee 5 


Fig. 128 


Bhaskara gives an example under the above verse 
in the commentary to justify bis finding given above, 
Suppose Rahu is at the autumnal equinox and the longi- 
tudes of both the Sun and the Moon are equal to 79°. 
Adding the Ayandmsas 11°, their longitudes are each 99° 
so that both of them are at the summer solstice ie, an 
Ayana Sandhi. (Of course the Moon is not exactly at the 
position of the Sun, but he being in his own orbit, his 
longitude measured along the Eoliptio is 90°), . Then 
evidently the lunar orbit lies in between the celestial 
equator and the Ecliptic. Then the declination of the 
Moon is 21°%~44°=194°=1170! and the declination of, the 
jun is 24°=1440/, Thus the Moon's declination when 
itis maximum falls short of that of-the Bun: After half 
of the sidereal period of the Moon namely 138 
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longitudes of the Sun, Moon and Ribu are respectively 
3-2-23-12, 3-19-4—26 and 6-11-43-98 (in Rasis, degrees 
ete ), taking mean motions ins; account. When the Moon 
has the maximum southern declination in the position M, 
of fig. 129 his longitude will be however 8-I0-9- 35 and then 
his declination will be 1169. At that moment the decli- 
nation of the Sun will be 1398. Even here the Moon's 
declination fails short of that of the Sun. Again after 
13$ days, we find the declination of the Moon falling short 
of that of the Sun. Even after 2 months, the Moon 
cannot have a declination equalling that of the Sun. 
This phenomenon occurs when Rahu of the lanar orbit 
happens to be at Libra, and the Sun is ab the summer 
solstice approximately. 


Verse 8. Tho definitions of Vyatipadta and Vaidhrti. 


When the Sun and the Moon are in opposite Ayanas, 
but in the same Gols, and if then their declinations be 
equal, then that moment is said to constitute vyatipitayoga. 
If on the other hand, if both tbe Sun and the Moon be in 
the same Ayana and opposite Golas, and if then their 
deolinations be equal, that moment is said to constitute 
Vaidhrti Yoga. 


Comm. Explained before. 


Verse 9 and first half of verse 10. To prognosticate 
the occurrence of a 


When the sum of the tropical longitudes of the Sun 
the Moon happens to be 180° or 360°, then the Vyati- 
pita and the Vaidbrti respectively will occur or will bave 
occured, The number of minutes of ara by which the sum 
of the tropical longitudes falls short of or exceeds 180° er 
360° as the case may be, are to be divided by the sum of the 
‘daily motions,of the Sun and the Moon, which will 
aqproximately the number of days after which or 
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before which the Yogas will occur or would have occured, 
Compute the declinations of the Sun and the Moon for 
that moment from the then true daily motions. 


Comm. From fig. 121, it is clear that triangle rSL 
and = MN are congruent so that rS = = M .’, SS, = MS, 
<. t8 +rM = =M +rM = 180°. Again triangle 751, 
and rM’N’ are congruent .. 78 = M’r 
S 7S -+7M! = 7M’+M’r = 360°, Thus in the former 
case which constitutes Vyatipata, the sum of the tropical 
longitudes of the Sun and the Moon is 180°; whereas in 
the latter case, which constitutes the Vaidhrtipata, the 
sum of those two longitudes is equal to 360°. 


Hence we are asked to note when the sum of the two 
longitudes is likely to amount to 180° or 360°. On a 
particular day suppose the sum is 180— 0 or 360— 0 ; so 
that Ó is to be made up by the then velocities of the Sun 


‘and the Moon conjointly. Then 2 where u, v are their 
‘ respective velocities gives the number of days or fractiou 
of a day, by which the sum would be 180° or 360° as the 
oase may be. As tbe velocities change from moment to 


0 


moment, the above pm is only approximate, Bo, compute 


again the respective positions and respective velocities. 
Suppose the sum of the longitudes is 180+ 0^ or 360+ 9/ 


! / 
and the velocities u’ and v’, Then n gives the fraction 


of a day after or before the moment in question when the 
patas occur Vyatipata or Vaidhrti. 


| Verse 10. To know whether the Yoga is past or 
future. 


If the declination of the Moon situated in an odd 
quadrant exceeds that of the Sun or falls short of the 
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Sun's in an even quadraut the moment of the ocourendd of 
pata bas elapsed. Otherwise the pita is to take placa 
४101117 after. 


Comm. This is clear because in an odd quadrant, the 
declination of the Moon is on the increase. So if it be 
already greater than the Sun’s, in future it will be far 
greater and as such cannot equal the Sun’s declination. 
In other words the pāta had already taken place. 


Similarly in an even quidrant, the declination of the 
Moon is on the decrease. As such if it be greater than 
the Sun’s it wili become equal in future. Thus the pata 
is to take place. On the other hand if the Moon’s decli- 
nation is less than the Sun’s, it will decrease further go 
that prior to the moment concerned a pita should have 
occured. 


Latter half of verse 11 and verses 12, 13, 14. To 
compute the time of the occurrence of pata through a 
consideration of declinations. 


Obtain the difference of the declinations if they be of 
the same direction or their sum if they be of opposite 
directions in the case of Vyatipaita; obtain the sum or 
difference of the declinations according as the deolinations 
are of the same or different directions in the case of 
Vaidhrti. Call this sum or difference ‘the Adya’. 
After a lapse of an arbitrary time or before the moment 
concerned, obtain the positions of the Sun, Moon and the 
Rabu; also compute their declinations and form their 
difference or sum as the case may be. Call this Anya. If 
on both the occasions 1t is indicated that the pata has 
elapsed or is to elapse, obtain the difference of the Adya 
and Anya; otherwise their sum. Divide the arbitrary 
time taken, by the above sum or difference of the Adya and 
Anys and multiply, by the Adya, Take the result in 
ghatis. Taking this as the arbitrary time, repeat the 
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process till an invariable quantity is obtained in gbatis, 
This is the time by which the moment of the pata has 
elapsed or after which it is going to occur. ! 


Comm, (1) It might be asked " why bother finding 
the declinations at all, when it is defined that Vyatipata 
happens when the sum of the longitudes of the Sun and 
the Moon is equal to 180° and Vaidbrti is defined wken 
the sum is equal to 360, since easily we could know when 
this happens without taking recourse to declinations ?" 


The problem is not that simple. The above definition 
in terms of the sum of the longitudes is an approximate 
statement, because, the original and correct definition is 
that their declinations must be equal in magnitude. If 
they be equal in magnitude but opposite in direction, they 
. constitute Vaidhrtài Yoga. If they be both equal in 
magnitude and direction, the situation constitutes Vyati- 
patayoga. In other words, when the diurnal paths of 
the Sun and the Moon coincide, the moment will be 
Vyatipata. Ifon the other hand their diurnal paths are 
of equal dimentions but one to the north of the celestial 
equator and the other to the south, then the moment is 
Vaidhrti. Though the,sum of the longitudes happens to be 
180°, the diurnal paths may not coincide because the Moon 
does not actually move on the ecliptic. So the situation 
is more complicated. 


Further the calculation of the declination of the Moon 
is to be done by calculating the Aspbutakranti ie, the 
declination of the point of the ecliptic which indicates 
the longitudinal position of the Mvon and his celestial 
latitude ie. the Asphutaviksera from the known position 
of the Node, and then by rectifying the Asphutaviksepa to 
obtain the Sphutaviksepa and then adding the Asphuta- 
kranti to the Sphutaviksepa to obtain the Sphutakranti 


(2) The latter half of verse (11) and the jirst half 
of verse (1%) 


"ow 
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Let us consider the case of Vyatipata. Suppose at 
the moment concerned, the declinations are of opposite 
direction. Find the sum of their numerical magnitudes. 
Suppose they are of the same direction; find their differ- 
ence. ‘This sum or difference of the declinations gives the 
distance between the planes of the diurnal paths of the 
Sun and the Moon. This distance is to vanish in order 
shat the diurnal paths may coincide. So we are asked first 
to find the above distance, Suppose we understand that 
the Vyatipatha has elapsed by noting the deolinations. 
This may be known easily by the criterfa given previ- 
ously. Supposing sand y to be the declinatious of the 
Moon and the Sun and supposing that z is on the decrease 
and approaching y, then the Vyatipatha is to occur. Buf 
suppose z < y and z is on the decrease, then the Vyatipata 
has taken placo. Thus knowing whether the Vyatipatha 
has elapsed or is to occur, after an arbitrary time é, com- 
pute the declinations of the Sun and Moon and form their 
difference or sum as the case may be which gives the 
distance between the diurnal paths. Let the first distance 
found be called Adya and the second distance the Anya. 
Ther the Anya will be less than the Adya because we bave 
taken & time towards the occurrence of Vyatipata when 
the distance is to get nullified. Find the difference of the 
Adya and Anya. Then by the proportion “ If in time '£' 
taken in between the momwents of the Adya and Anya, 
the distance between the diurnal paths ls reduced by 
Álya—Anya, what fime will be taken for the distance 
Ádya to vanish ?’ we have tbe result 
क Ady a Xt 

Adys — Anya 
that Las to elapse for the occurrence of the pata, This will 
be approximate, After a lapre of time T from the Adya 
moment concerned, again compute the declinations and 
repeat the process, We arrive at & particular point of 


time, which gives the moment of occurrence of the pāta, 


which gives approximately the time 
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In the course of the commentary under these verses 
Bhaskara solves two problems and points out that when 
there is a pata according to his exposition, the statements 
made by Lalla, Brahmagupta Sripati and Madhava all 
indicate that there would not occur a pata. 


But we feel that Bhaskara read too much into those 
statements on account of the following. Lalla states ? 


Brahmagupta states 


Ayaetal दिः 
चेति 


and 917७७1 says 


fé 


In fact all these three statements mean one and the 
same and are intended to be approximate statements, in 
" the first instance, having ignored the latitude of the Moon. 
They are just statements like that of Bhaskara himself 
when he says that there will be a pata when the sum of 
the longitudes will be 180° or 360°. The statements pur- 
port to say that if the declination of the Moon when it is 
on the decrease happens to be less than that of the Sun 
which is on the increase, there could be no pata. These 
statements so far as they go, ignoring the latitude of the 
Moon are perfectly in order. Bhaskara brings in a detailed 
analysis of two critical examples, to prove that there is a 
pata, but which is negated by the rough’ statements of the 
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four Acadryas. Madhava’s statement in his Siddhanta 
Cudàmani is as follows which is also in similar terms as 
those of the other three. 


रवेरोजपदक्रान्तेः चन्द्रयुग्मपदो द्वत्र 
स्वर्पाचेन्तयो:कान्त्योः साम्यं स्यादन्यथा भवेत्‌ 


^ Verses 15 and 16, To obtain the duration of the 
pata. 


The semi-sum of the diameters of the Sun and the 
Moon or what is the same the sum of their angular radii 
being multiplied by the Spastaghatis (obtained in the 
estimate as per tho verses 11-14) and divided by the Adya 
in that context, gives the beginning and end of the pata 
from the moment of the computed time. The process 
being repcated according to the method of successive 
approximations wo have the correct estimate of the 
duration of the pata. 


somm. This is à convention stipulated with respect 
to the duration of the Pata. Strictly speaking, when the 
diurnal paths of the centres of the dises coincide in the 
case of Vyatipits, that will be the middle moment of the 
Vyatipata. The pāta is said to last for such a time as the 
distance between the Centres of the discs (north-south 
distance) is leas than rp. This will be clear from a 
figure. The situation is akin to that of an eclipse. 


The time obtained for the occurrence of the pata 
under verses (11) to (14) indicates the middle of the 
duration of the pita. The duration of the pata is defined 
as the time that lasts as long as the declination of the 
highest point of one diso becomes equal to that of the 
lowest point of the other beginning from the moment at 
which the declination of the lowest point of the one 
becomes equal to that of the highest point of the second 
In other words, just like in an eclipse, so long as the 
distance between the diurnal paths traced by the centres 
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of the discs is less than the sum of their angular radii, the 
pata lasts. Extending the meaning of this to Vaidbrti 
also, so long as the numerical difference of the declinations 
of the Sun and the Moon ignoring their direction happens 
to fall short of the sum of the angular radii, the pata 
lasts, 


To obtain this duration of the pata the argument is 
“If the sum or difference of the declinations according as 
they are of opposite or the same direction (which was 
taken to be Adya under verses (11) to (14) ) was reduced to 
zero in the time computed that time being known as 
Spastaghatis, what time will be taken for a difference of 
declinations equal to the sum of the angular radii?” 


The result is rtp xT where r and p are the 
Adya 
angular radii of the Sun and the Moon, T the time 
calculated formerly known as Spastaghatis and Adya is as 
defined above. The above result gives the duration of the 
pāta. 


Note. An approximate estimate of this duration could 
be obtained using differentiation, We have 


sin हे = sin 4 sin o 80 that 
008 Ò AD = 8in ७ 608 4 AA 


Let Aa be the motion in longitude of the Moon with 
respect to fhe Sun per nàdi which will be on the average 
12’ approximately. 


oe sin w Gos 4 X 19 
eos à 


* 
* 2 


If in one nàdi, there be a variation in the declination 
equal to the above, what time will be taken for 16/-- 15 
the sum of the angular radii approximately ? The result is 

3l cos ð 
12 sin o cos à 


r M 
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When 4 approaches 90°, the duration will be very 
much since cos à — 0. ‘This is true because the variation 
in the declination when a = 90°, is very slow even for the 
Moon. The above formula holds good so long as a does 
not spproacb 90°, ` 


Verse 17. It must be deemed that the declinations 
will be equal so long as the difference in the declinations 
is less tuan r + p numerically, ८, 3 


In the case of Vaidhrti, wo are asked tostake the sum 
inated of difference and difference instead of sum in 
contradistinction, Why? We shall see. We know that 
Vaidbrti occurs when the declinotions of the Sun and the 
Moon are of equal magnitude but of opposite directions 
subject to the condition that the longitudes are such that 
their sum is approximately 860°. This condition is 
stipulated because when the Sun isin the first quadrant 
and the Moon is in the 3rd quadrant and at the same time 
their diclinations are equal, the moment does not constitute 
Vaidbriti, because the sum of the longitudes is then 1688 
than 90° +- 270° ie. less than 360°. Hence, for Vaidhriti 
ove of the two celestial bodies must be in the first quadrant 
and the other in the fourth quadrant, so that the sum of 
the longitudes could equal 360° and at the same time the 
declinations could be equal though of opposite sign. Now 
compute the declinations of the Sun and the Moon ata 
particular moment. Suppose they are aand b and both 
are north. After a few ghatis or days compute again their 
declinations, say c and d, both again being north, Suppose 
then c-+d<a-+ 06, then Vaidbriti is going to occur. 
Construiog northern declination to be positive and the 
southern negative, for Vaidbrti to occur a +b must be 
reduced to zero ie. a and b are equal and of opposite 
direction. Now tbe argument adduced is “If in time - 


f ghatis or days ab has become cd (calling a+b as 
Adya, and c--d as Anya) there is a decrease of Adya- Anya, 
time should lapse for a+d or Adya to reduce to 
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ero?” T r tlatb) which gives the time 
Zero he answe iS Adv A ich gi 


after which Vaidhrti is likely to occur. 


Suppose a and b the deolinations observed ata particular 
moment, are one north and and the other south. Compute 
their difference a—b; after a few ghatis or days again from 
the difference of the declinations c and d ie. c—d. ‘Tf 
c—d < a—b then Vaidhrti is going to occur, otherwise it 
has elapsed. This is so because the difference has to vanish 
for Vaidhrti fo occur, 


Viewing the situation algebraically, ie, construing 
northern declination to be positive and southern negative, 
we could have laid down only one criterion, instead of 
separating the issues and stipulating separate criteria. 
Proceeding on this basis, suppose the the Sun and the Moon 
are one in the first quadrant and the other in the second. 
Here both declinations are therefore positive. Compute 
their difference a—b; compute again the difference of 
cand d which are again northern declinations 
after a few ghatis or days. It c—d < a—b 
is going to occur. 


Now take a case when one of a and b is north and the 
other south; so also c and d. We are talking of a, c to be 
in the first quadrant and b, d in the fourth quadrant. Even 
now if c—d « a—b Vyatipata is going to occur, Thus 
there is no need to stipulate “Sum or difference". Difference 
alone counts now, because difference of one positive and the 
other negative quantities means sum only. Thus in the 
case of Vyatipata difference should tend to zero, whether 
both the declinations are north, or one north and the other 
south 


Similarly in the case of Vaidhrti the sum should tend 
to Zero because the algebraic sum of one positive northern 
declination and the other negative sonthern declination 
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sball be zero, if the declinations were to be equal and of 
Opposite direotions. 


Here ends the Patadhyaya. 


Note Bhaskara gives two examples in the course 
of the commentary, one, to show the fallacy in asserting 
thst there would be a pata when the Sun is in an even 
quadran?, the Moon in an odd quadrant and the Moon’s 
declination is less than that of the Sun; and the other to 
show tbe fallacy in asserting that the pata has elapsed 
when it is still to take place, and that it is still to occur 
when it has already elapsed. He quotes the example given 
in bis Goladhyàya wherein the longitudes of the Sun, 
Moon and Rabu are 120°, 60° and [80° respectively, there 
being no Ayamas’as. (Since at the time of Lalla, there 
were no Ayanamsas, Bhaskara gives such an example), 
Since the Sun is in an even quadrant and the Moon in 
an odd quadrant, Bhaskara says, that as per the verse of 
Lalla ` सूर्या arg ओञपरोदूभवात्‌ etc.’ there should be a 
Jats. But since the longitude of Rabu is 180°, Ketu 
is at the equinoctial point so that the lunar orbit 
lies between the ecliptic and the equator. Hence the 
declination of the Moon remains smaller than that of 
the Sun for a good length of time never equalling the 
declination of the Sun. This, Bhaskara says, is a fallacy 
regarding “भावाभावत्व ' ie. ' Ia there a pita or not’ because 
when there is actually no pāta, Lalla’s criterion leads to 
assert that there is one. It may be reiterated here, that 
Lalla gave & general criterion ignoring the latitude of the 
Moon ic. supposing the Moon to be moving on the ecliptic 
Bhaskara takes the latitude also into consideration and 
proves that there is no pata 


In the second example, which Bhaskara gives, he tries ` 
to show the fallacy with respect to “‘ गतेष्यत्व ’? ie. asserting 
that % pata has elapsed when it is still to occur, and that 
if iy द occur when it has already elapsed 
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In this example the declinations of the Sun and Moon 
are respectively 1416’, 1824’, when their tropical longitudes 
are 80° and 100°, The Moon is in an even quadrant, 
and his declination is less than that of the Sun. As per 
the criterion of Lalla given in the verse “सुर्यापमात्‌ eto." 
the pata is not there at all. But Bhaskara computes and 
shows that the pata has occured 70 nadis before (Rabu 
having a reverse tropical longitude of 100°). We shall 
show here, how using differential caloulus we could cut 
short the process, We have 


sind = sin 4 sin w ; differentiating 
cos हे AG = Gos à OA Bin e or 


Sin o COB À 
0०8 Ò 


= Ayanavalans X Variation in Bhuja. 


Ad = AA 


This could be seen graphically also from fig. 129, Tet 
P and Q be two contiguous positions of the Sun (say) on 
the ecliptic when arc pQ = A4. Let the increment in his 


Fig. 129 


declination in going from P to Q be NQ equal to 
Taking PNQ to be a plane A AS = A4sin v where 


v — QPN. We have named this angle to be v, because it 
is no other than the Ayanavalana which was formulated 


SIN w GOS 4 
co ' 


to be equal to Thus AB = Aa X 


valanajya. 


APPENDIX 


LIST OF TECHNICAL TERMS 


Adhikamasu 


Avrajya 


Aksa (or) Pala : 


Aksakarna 


Akga-Kyetra 


Akgavalanam 


Autyd 
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Akva Drkkarma : 


Fe 


A month gained by the lunar reckoning 
over the solar. This is located in that 
lunar month which does not contain a 


The Hindu sine of the arc of the horizon 
in between the rising point of the Sun 
and the east point. 


Latitude (Terrestrial) 


The are of the celiptic between the point 
of intersection of the ecliptic with a 
secondary through the star to the prime 
vertical and the point of intersection of 
the ecliptic with the stars declination 
circle. 


The hypotenuse of the gnomonic triangle 
when its shadow is equal to what is called 


A rightangled spherical triangle one of 
whose sides may be the arc of a small 
circle namely the diurnal circle but one of 
whose angles is a right angle and another 
equal to the terrestrial latitude. 


The angle at the point of the star in 
between the declination circle of the star 
and a secondary to the prime vertical 
through the star. 


The Hindu sine of an arc of tbe celestial 
equator corresponding to Hrti. 


10. 


11. 


12. 


13. 


14. 


15. 
16. 


17. 


Asta 
Ayanabindu 


Ayana-Drkkarma: 


^ 


Ayanamsam 


Ayanavalanam 


Barhaspatyamana: 


Bhaga 


Capa or 
Karmuka 


ee 


Carajya 


. Cdandra-masa 


Chaya or Bhd 


oe 


. Chayabhuja 1 


Chayakarna or : 
Bhakarna 
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Setting or heliacal setting. 
Solstice. 


The arc of the ecliptic intercepted between 
its point of intersection with the star’s 
declination circle and the secondary to the 
ecliptic through the star. 


The arc of the ecliptic in between the 
vernal equinoctial point and the Hindu 
zero of the ecliptic ie the first point of 
the Zodiacal sign called Asvini. 


The angle at the point of a star, between 
its declination circle and the secondary to 
the ecliptic through the star. 


The time taken by Jupiter to reside in a 
Rasi, on the average, is called a jovian 
year. This falls short of a solar year. 


A degree 
Arc. 


The Hindu sine of the arc intercepted 
between the east point and the declination 
circle of a rising star or planet or the 
Sun. 


The time between two consecutive full- 
moons or New moons. 


Shadow cast by the gnomon. 


The projection of the shadow on the east- 
west line. 


The hypotenuse of the gnomonic triangle 
whose two sides are the gnomon and its 
shadow. 


22. 


23. 


26. 


ale 


28. 
29. 
. 0. 
3l. 


36. 
37. 


Cha yükofi 


Dhruva 


Dhruvaka 


Dhruva- 
protavr ttam 


Dorjy@ or 

Bhujaj yá 

Drgjyd 
Drg-laribana 
Dvaparayuga í 


Dyujya 


Dyujvà-vrtta or : 
Ahorátra-vrtta 


. Ghajfi or Nadi 


Grahana 1 


Hrti or Igjahrti: 


Kadamba 


adamba- 
protavrtta 
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The perpendicular from the extremity of 
a shadow on the east-west line. 


The star near the celestial pole or the 
celestial pole itself. 


The celestial longitude. 


The declination circle. 


The Hindu sine of the azimuth measured 
by the angle between the prime vertical 
and the vertical of a star or a planet. 


Hindu sine of celestial longitude. 


The Hindu sine of the Zenith distance. 
Total parallax. 
Twice the period of a kaliyuga. 


The Hindu cosine of declination or the 
radius of the diurnal circle taking the 
radius of the celestial equator to be R 
equal to 3438 units. 


The diurnal circle of a star or a planet. 


An interval of time equal to 24.' (minutes) 
Eclipse. 


The Hindu sine of the arc of the diurnal 
circle from a point of the same upto the 
plane of the horizon. 


Pole of the ecliptic. 


A secondary to the ecliptic through a star 
or planet. 


38. 


39. 


40 


41. 


42. 


43. 


44. 


Kaksamandala 


Kala 


Kala or Lipta 


Kaliyuga 


Kalpa 


Kramajya@ or 
simply jyà or 
Jivà or guna 


Karana 


* 
क 
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The deferent of a planet or the circle with 
the earth as centre and radius equal to 3138 
units. 


The Hindu sine in the diurnal circle 
corresponding to the Sūtra (given below). 


A minute of angle. 


The period consisting of 4,32,000 mean 
solar years. 


Dvaparayuga is twice Kaliyuga; Tretdyuga 
thrice and Kría four times. All these put 
together constitute a Mahdyuga. 71 Maha- 
yugas make one Manvantara. Fourteen 
Manvantaras with what are called Sandhi 
periods on either side equal to a Artayuga 
or thousand Mahayugas make a Kalpa. The 
creation is supposed to last one Kalpa, 
which is said to constitute the day time of 
Brahma, the Creator. His night also is of the 
same duration when there is no creation. It 
is held that we are now in what is called 
S veta-Varáha Kalpa, wherein the seventh 
Manvantara called Vaivyasvata manyantara 
is current. In this Manvantara, twenty seven 
Mahàyugas are supposed to have elapsed 
and in the twenty-eighth Mahdyuga, krta 
Treta and Dvdparayugas have elapsed and 
that we are now in the Kaliyuga. In this 
Kaliyuga which began on the day when 
Lord Krsna gave up his mortal coil, 5080 
mean solar years have elapsed by about 
21 March, 1979. 


Hindu sine of an angle. 


Half of the duration of a tithi. 


45. 


53. 


54. 


55. 


56. 


59. 


a 
40D. Manvantara : 


Karnàgrajyà or : 
simply Karpdgra@ 


Kendra 


Ketu 


. Kha-Svastika : 
. Kojijyà 
. Krünti or Apama: 


. Kranti-Vrttam 


Krtayuga 


Ksayamdsa 


Ksitija 


Kuiyàá 


Lagna 


. Lambajya 


, Lambana 


Mahäyuga E. 
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The Hincu sine Agrajyā multiplied by K. 
and divided by R where K is the hypotenuse 
of the gnomonic triangle whose two sides 
are the gnomon and its shadow and R the 


radius of the celestial sphere taken to be 
3438 units. 


The centre of a circle. 


The diametrically opposite point of Rühu. 
Rahu also means the circylar section of the 
earth's shadow at the Moon. 


The Zenith at a place. 

Hindu Cosine of an angle. 

The declination of a point on the ecliptic. 
Ecliptic. 

Four times the period of a Kaliyuga. 


That luner month in which there are two 
Sarikramanas. 


The Horizon at a place. 


The Hindu sine measured in the diurnal 
circle corresponding to the Carajyü defined 
above. 


The R@si which rises at any moment or the 
rising point of the ecliptic. 


The Hindu Cosine of the latitude, 
Parallax in longitude. 
The Sum of the four yugas mentioned above. 


A period equal to 71 Mahàyugas. 


62. 


69.. 


70. 


71. 


72. 
73. 


. Naksatra 


Na@ksatra-Dina 


. Nüksatra-masa 


. Natakala iE 
. Natamsajyà 

. Nati 

. Nicoccavrtta 


. Parama-Antya 


Paramakranti 


Praci 
Pracyapara 


Prativrtta 


* 
* 
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A star. Also the time which  elapses as 
the longitude of the Moon increases by 
13% degrees starting from the zero point of 
As vini. 


The time that elapses between two consecutive 
risings of a star. 


The time taken by the Moon to go from 
A$vini again to Asvini. 


Hour angle measured in ghatis. 
Hindu sine of the Zenith distance. 
Paralax in latitude. 

Epicycle. 


The Antyd when the celestial body is at 
the point of intersection of the celestial 
equator and the meridian or what is the 
same at the point of culmination. 


Obliquity of the ecliptic taken by the Hindu 
astronomers to be 24°. 


The point of time when the declinations 
of the Sun and the Moon are equal and 
of the same sign or opposite sign. Also it 
means the point of intersection of two great 
circles, 


East point. 
East-west line. 


The circle in which the planet moves and 


| whose centre is at a distance from the 


centre of the Kaksdmandala or the orbit 
of the mean planet. This is the same as 
the orbit of the the frue planet suppore 

to be a circle. D 


TA 


85. 


86. 


87. 


88. 


Rahu 


Ra si 


. Sumabindu or 


Udagbindu 


. Samamandala 


~Sanku 


Sanku 


. Sanku 


(Also means) 
S anku-ccháyà 


Saura-mása 


Sdvandha 


Sutra 


Taddhr ti 


Tithi 


LE 
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The point of intersection of the Moon’s 
path with the ecliptic (ascending point of 
the Moon's path) Also it means the 
circular section of the earth’s shadow at 
the Moon. 


An arc equal to 30° (on the ecliptic). 


North point. 


Prime vertical. 


The Hindu cosine of the altitude when the 
Sun is on the Prime Vertical. 


The point of time when the Sun enters 
from one Rasi to another of the twelve 
Rasis, Mesa etc. measured from the zero- 
point of the Hindu Zodiac. 


Gnomon, 


The Hindu sine of the Altitude. 


The shadow cast by the gnomon. 
The time when the Sun occupies one Rasi, 


The Hindu versed-sine of the hour-angle. 
Also jt means celestial latitude. 


The time between two consecutive Sun-rises. 


The Hindu sioe of the complement of the 
hour-angle. 


The Hrti of a celestial body when it is 
on the prime vertical. 


The time taken by the elongation of the 
moon to increase by 12° starting from 
zero. 


89. Tithi-ksaya 


90. Tretayuga 


91. Trijyà 


92. Udaya 


93. Unmandala or 
Udvrita 


94. Unmardala 
‘ Sanku 


95. Upavrita 


96. Vighati or Vinddi: 


97. Viksepa or sara: 
or Visikha 


98. Visuvatbindu 1 


99. Fjsuvat-chaya 1 


100. Viguvat-Vrtta 


101. Vrtta or Mardala: 


55% 


Since a Tithi falls short of a Savanaha 
or civil day, in course of time, it so 
happens, that a tithi begins after sun-rise 
and does not last upto the next suu-rise. 
Such a tithi is said to be lost and goes 
by the name Tithi ksaya. One such tithi 
ksaya occurs out of 64 tithis approximately 
or eleven out of 703 more approximately. 


Thrice the period of a Kaliyuga. 


The Hindu sine of three Rasis or 90° 
equal to R or 3438 units. 


Rising or heliacal rising. 


The great circle through the celestial pole 
and the east point. 


The Hindu cosine of the altitude of a 
celestial body situated on the unmandala. 


A small circle paralle] to the prime vertical 
through a star or a planet. 


One sixtieth of a ghati. 


Celestial latitude. 


Equinoctial point. 


The shadow cast by the gnomon when the 


Sun is at the point of intersection of the 
celestial equator and the meridian on an 
equinoctrial day. 


Celestial equator. 


A circle. 


102¢Y anh yottara- 
samku or 


103. Yamyottaravr tta : 


.104. Yasti 


105. Yoga 


106. Yuri 


55१ 


The Hindu sine of the Altitude of a 
Celestial body situated on the meridian. 


The meridian at a place, 


R? - Ayanayalanaja* 

Yasti has also another meaning namely 
the length of the perpendicular from a 
point on the diurnal circle on the plane 
parallel to the plane of the horizon through 
the point of intersection of the diurnal 
circle with the unmandala. 


The time which elapses when the sum of 
the longitudes of the Sun and the Moon 
to increase by 13129 starting from zero. 


Conjunction. 


